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systemic 
route 
to faster 
healing 


controls 
inflammation, swelling 
and pain 


in ocular conditions 
Chymar promotes clearing and 
absorption of chemosis in 
inflammations of the outer or 
inner eye. Its rapid decongestant 
action and powerful anti- 
inflammatory effect lessen 

the risk to vision and bring 
gratifying pain relief. And in 
extra-ocular trauma, Chymar 
quickly dissipates edema and 
hematoma, reduces pain, 
accelerates healing, 


Chymar is effective in: 

© extra-ocular trauma and hyphema 

conjunctivitis vitreous hemorrhage 
¢ uveal tract inflammation 

endophthalmitis 


Buccal Aqueous 


CHYMAR Bucca/ 

Crystallized chymotrypsin in tablet formulated. 

fer buccal absorption. Bottles of 24 tablets, 

Enzymatic activity, 10,000 Armour Units per tabiet. 

CHYMAR Aqueous 

Solution of crystallized chymotrypsin in sodium 

¢Ghieride injection for intramuscular use. 

Vials of 6 cc. Enzymatic activity, 

5000 Armour Units per ce, 

CHYMAR 

Suspension of crystallized chymotrypsin in off 

for intramuscular injection. Vials of 5 ce. 

Enzymatic activity, 5000 Armour Units per ee. «ARMOUR PHARMACEUTICAL COMPANY 
and for enzymatic zonule lysis A/joha CHYMAR KANMAREE i.UNoIs * Armour Means Protection 
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with ORTHOGON lenses...the exti 


YOUR PATIENT has every right to all the 
pleasure he or she can get from a new pair 
of glasses . . . good appearance, comfort, 
and most of all, the best possible in vision. 

Because of their fundamental design, 
their correction system, and the superb 
quality of their manufacture, the single- 


vision series of Orthogon corrected-curv 
lenses provides the best in vision that sc 
ence can offer. 

For you to furnish tangible evidence 
such quality is to indicate your concern fc 
your patient’s visual welfare. 

“For Vision at its Best” tells your patie 


TAKE CARE OF THEM ... Like eyes themselves, your glasses are a precision instru 


ment. Treat them accordingly. Never rest them with the lenses face down; with care 
you can preserve the high lustre they have now. Keep them in a case when not in use 
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he needs to know .. . and no more... 
out the care with which his prescription 


care of glasses, (2) a mention of diversified 
vision needs, and (3) a certification of lens 
and prescription quality. 

It becomes a quiet, dignified means of If you are not now familiar with it, ask 


ling your patient that you demand the your supplier to show you a sample copy 
bry best in materials. It is more than a of “For Vision at its Best.” It is available 
burtesy ... it is the essence of good profes- automatically with every Orthogon pre- 


nal relations. scription from your regular supplier of 
The folder covers three points: (1) the B&L ophthalmic materials. 


BAUSCH & LOMB: 


. . Wash your glasses every day with soap and warm water. A 
all, soft brush may be used to clean the hard-to-reach parts. Dry with a soft cloth or 
ue. Have your glasses adjusted periodically. and never attempt repairs on your cwn. 
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Instructions to Contributors 


Articles, book reviews, and other materials for publication should be addressed to the Chief 
Editor. Articles are accepted for publication on condition that they are contributed solely to this 
journal, 


An original typescript of an article, with one carbon copy, should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a 1l-inch margin at 
each edge. Axother carbon copy should be retained by the author. 


The main title of an article may not contain more than eighty characters and spaces; a 
subtitle may be of any length. 


The author’s name should be accompanied by the highest earned academic or medical 
degree which he holds. If academic connections are given for one author of an article, such 
connections must be given for all other authors of the article who have such connections. 


If it is necessary to publish a recognizable photograph of a person, the author should 
notify the publisher that permission to publish has been obtained from the subject himself 
if an adult, or from the parents or guardian if a child. An illustration that has been published 
in another publication should be accompanied by a statement that permission for reproduction 
has been obtained from the author and the original publisher. 


Oversized original illustrations should be photographed and a print on glossy paper sub- 
mitted. Prints of a bluish tinge should be avoided. Large photomicrograph prints will be re- 
duced in scale unless portions to be cropped are indicated by the author. The author should 
submit duplicate prints of roentgenograms and photomicrographs with the essential parts that 
*se to be emphasized circled, as a guide to the photoengraver. 


Charts and drawings should be in black ink on hard, white paper. Lettering should be 
large enough, uniform, and sharp enough to permit necessary reduction. Glossy prints of x-rays 
are requested. Paper clips should not be used on prints, since their mark shows in reproduc- 
tion, as does writing on the back of prints with hard lead pencil or stiff pen. Labels should 
be prepared and pasted to the back of each illustration showing its number, the author’s name, 
and an abbreviated title of the article, and plainly indicating the top. Charts and _ illustrations 
must have descriptive legends, grouped on a separate sheet. Tables must have captions. IL- 
LUSTRATIONS SHOULD BE UNMOUNTED. 


References to the literature should be limited to those used by the author in preparation of 
the article. They should be typed on a special page at the end of the manuscript. The citation 
should include, in the order given, name of author, title of article (with subtitle), name of peri- 
odical, with volume, page, month—day of month if weekly or biweekly—and year. References 
to books must contain, in the order given, name of author, title of book, city of publication, 
name of publisher, and year of publication. 
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IN INFLAMMATORY AND ALLERGIC EYE AND EAR CONDITIONS 


¢in- etomide 0, 1% 


Combining ARISTOCORT acetonide ...described as one of 
the most effective topical corticosteroids yet introduced* 
..and the outstanding topical antibiotic, Neomycin. 


NEO-ARISTOCORT provides excellent topical treatment of a 
wide variety of inflammatory and allergic eye and ear con- 
ditions where infection is either present or. anticipated. 


NEO-ARISTOCORT EYE-EAR OINTMENT contains: Triam- 
cinolone Acetonide 0.1% and Neomycin Sulphate (0.35% 
base) 0.5% as the active ingredients; and light liquid pet- 
rolatum NF. 15%, wool fat U.S.P. 10%, and white petrola- 
tum U.S.P. q.s. w/v 100% as the inactive ingredients. 
Tubes of Oz. 


? 


EYE- EAR OINTM ENT 


Also available: 


Aristocort 


Acetonide REAM 
Tubes of 5 Gm. and 15 Gm. 


OINTMENT 


*Baer, R. L., and Witten, V. H.: Editorial Commeént, In The Year Book of Dermatology and Syphilology (1958-3959 
Year Book Series), Edited by Rudolph L. Baer and Victor H. Witten, Chicago, The Year Book Publishers, 1959, p. 40. 
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a scientific corner 


FOR INFORMAL DISCUSSION OF YOUR OPTICAL PROBLEMS 


che House of Vision ™ 


CHICAGO 


EVANSTON HIGHLAND PARK HINSDALE OAK PARK AURORA MUSKEGON 
DES MOINES MASON CITY SIOUX CITY AMES DAVENPORT NEWTON 
MILWAUKEE MINNEAPOLIS 


A SIMPLE Rx ??? 


The uncomplicated Rx often contains many 
unseen or unexpected problems. For ex- 
ample, let's look at the following: 


R +1.50+1.25X 80 add +2.00 ou 
+1.25+1.75 x 140 


An analysis of this Rx reveals, |.3 prism 
diopters of prism base up at the reading 
point of the right eye and 2.00 PD base 
up in the left eye—an imbalance of 0.7 
prism diopters. While this amount of 
vertical imbalance is below the |!.0 PD 
minimum necessary for grinding a balance 
center, it is certainly more than enough 
to cause trouble. 


What then is the best way to correct this 
vertical imbalance? Dropping the distance 
centers 4 mm. would reduce the imbalance 
at the reading point to 0.35 PD but would 
create the same amount of imbalance at 
the distance optical centers. If this is un- 
acceptable, then there are two alternate 
possibilities—prism segments or dissimilar 
segments. Prism segments would ac- 
complish the pur but are somewhat 
thick. Probably the best way to correct 
the vertical imbalance would be with the 
use of dissimilar segments. Flat-top D 
and flat-top R segments may be used. 
From the standpoint of maximum optical 


rformance it would be best to use an 

Itex A and Ultex E combination—(the 
Ultex A segment would be used on the 
left eye). 


The 1.75 PD total base out prism at the 
reading point may be reduced to |.3 PD 
by moving the distance optical center in 
1A mm. in each eye. This movement should 
create no problem in the distance portion 
of the lens. Finally, additional decentra- 
tion of each segment 2!/, mm. in beyond 
the normal reading point will correct 1.0 
PD of the base out prism and provide the 
final necessary step. 


It is a good idea to give additional de- 
centration of the segment on all plus 
lenses up to 10%, of diameter of the 
bifocal. 


If the patient reads a great deal it might 
be wise to provide a pair of reading 
glasses with the centers dropped 4 mm. 
and centered horizontally for the near 
pupillary distance. 


This is an excellent example of the un- 
suspected problems to be found in an 
ordinary Rx and the corrective measures 
which should be taken to insure a com- 
fortable pair of bifocal glasses. 


“if it’s a lens problem, let’s look at it together” 


THE HOUSE OF VISION--MAKERS OF PRESCRIPTION GLASSES FOR THE 
MEDICAL PROFESSION—WILL BE HAPPY TO FILL YOUR PRESCRIPTIONS. 
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‘now... a companion ug 
to DEAMOX? in Glaucoma 


Acetazolamide Lederle 
— 


Methazolamide Lederle 


The long-term effectiveness of DIAMOX in glaucoma is now supplemented by that 
of NEPTAZANE. Both drugs are carbonic anhydrase inhibitors and act by limiting 
aqueous inflow...but not necessarily with equa! effect in the same patients. 


In extensive trials nearly three-quarters of all cases subjected to long-term 
therapy responded either to DIAMOX or NEPTAZANE. 


In practice, DIAMOX should be used first. If results are not satisfactory, 
NEPTAZANE is then indicated and frequently successful. Either drug is usually 
employed with standard miotic therapy. DIAMOX dosage: one 250 mg. tablet 
every four hours. NEPTAZANE dosage: one or two 50 mg. tablets, two or three 
times daily. 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York  C@dartsy 


a 
7 
4 
< 
of? 2% total co ‘ol rate 
to DIAMOX only to cither 
> 
* 
a 


LEDERLE INITRODUCES.., 
a masterpiece 


greater antibiotic activity 


Milligram for Milligram, DECLOMYCIN exhibits 2 to 4 tij 
the activity of tetracycline against susceptible organisms. 
(Activity level is the basis of comparison—not quantitative 
blood levels—since action upon pathogens is the ultimate 
value.*) Provides significantly higher serum activity level . 


‘with far less antibiotic intak' 


DECLOMYCIN demonstrates the highest ratio of prolong 
activity level to daily milligram intake of any known broad-spet 
antibiotic. Reduction ef antibiotic intake reduces likelihood 
adverse effect on intestinal mucosa or interaction with conti 


unrelenting peak 
antimicrobial attack 


The DECLOMYCIN high activity level is uniquely constanq 
throughout therapy. Eliminates peak-and-valley fluctuation,} 
favoring continuous suppression. Achieved through 
remarkably greater stability in body fluids, resistance to 
degradation and a low rate of renal clearance. 


*Hirsch, H.A., and Finland, 
New Engiand J. Med 
260:1099 (May 28) 1954 


ECLC 


Demethyichlortetracycline Lederle 
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of antibiotic design 


plus 


d ay” 
“extra- 
activity 


FOR PROTECTION 
AGAINST 
RELAPSE 


DECLOMYCIN maintains 

activity for one to two days 

after discontinuance of dosage. 
Features unusual security against 
resurgence of primary infection or 
secondary bacterial invasion —two 
factors often resembling a “resistance 
problem”—enhancing the traditional 
advantages of tetracycline... for 
greater physician-patient benefit 


in the distinctive, dry-filled, 
duotone capsule 


immediately available as: 
DECLOMYCIN 
Capsules, 150 mg., 
bottles of 16 and 100. 
Adult dosage: 1 capsule 
four times daily. 


LEDERLE LABORATORIES 
a Division of 
AMERICAN CYANAMID COMPANY 
Pear! River, New York 
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IMPROVED 
BONE SAW 


for the 
OPHTHALMOLOGIST 


4 ~ 


. is an indispensable aid in performing dacryocystorhinostomies 
and the Kronlein operation. This efficient bone saw combines these latest 
refinements developed to best implement the surgeon's skill: 
e LIGHT WEIGHT ° MANEUVERABLE 
FEATURES of the © CONVENIENT TO HOLD © ACCURATE 
STRYKER VERSATILE . TIME SAVING 


BONE SAW SAFETY—will not cut or injure the nasal mucus mem- 
brane or other adjacent soft tissue. 


— 


Illustrating use of the 


Trephine for dacry- 
ocystorhinostomies. 


Illustrating use of the 
i small sectioned blade in 
| cutting a bony flap in 
| the lateral orbital wall. 


«| 


ORTHOPEDIC FRAME COMPANY PRICE: Ophthalmologist Unit G 


420 ALCOTT AVENUE, KALAMAZOO, MICHIGAN 
Send me the Ophthalmologist Bone Saw on approval. No. 4 includes 3 blades and 2 tre- 
Send me @ brochure and reprint by Charles E. Iliff, M.D. phines $234.00 
Send me a reprint of the article entitled “Dacryocystor- 
hinostomy with Polyethylene Tubing: A Simplified Tech- 
nique” by Dr. G. Bonaccoloto. 


Address SURGICAL AND HOSPITAL EQUIPMENT 


rthopedic frame Company 


420 ALCOTT street KALAMAZOO, MICHIGAN 
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DESIGNED FOR YOUR MOST 
EXACTING REQUIREMENTS 


ETHI CON’ NEEDLE SUTURES 


@ 


@ hand-finished Micro-Point® needles 


@ unequaled sharpness by hand honing 
@ 40% greater strength 
@ increased stability in needie holder 


@ reduced tendency to cut out of tissue 


ETHICON EVE SUTURES with Tru-Tempered reverse cutting needies 


for maximum strength and minjimum tendency to cut out of tissue. 


ETHICON: 
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GOT A WEIGHT 


ARMORLITE 


FEATHERWEIGHT LENSES 


YOU WOULDN'T WITH 


RMORLITE LENS co., inc. 


the developers of hard plastic lenses 
117 BAST COLORADO ST - PASADENA, CALIFORNIA 


OPHTHALMIC EQUIPMENT 


BAUSCH & LOMB 
REFRACTING UNITS TEST LENS SETS 
CHAIRS—ALL TYPES TRIAL FRAMES 
SLIT LAMPS RISLEY ROTARY PRISM 
KERATOMETER PRISM BARS 
VERTOMETER OCCLUDERS 
PERIMETER TEST OBJECTS 
ACUITY PROJECTOR TONOMETERS 
GREENS ROFR/.CTOR MADDOX ROD 
ADJUSTABLE TABLES RED GLASS 
STOOLS—ALL TYPES 
COLOR BLINDNESS CHARTS 
HOLMGREN’S COLOR TEST 
GLASS & PLASTIC PRISMS 
MORTON OPHTHALMOSCOPE 
COPELAND STREAK RETINOSCOPE 
SCHEPENS BINOCULAR 
INDIRECT OPHTHALMOSCOPE 


DIAGNOSTIC INSTRUMENTS AND SURGICAL INSTRU- 
MENTS ARE OUR SPECIALTY 
ALL TYPE OF EQUIPMENT AND INSTRUMENTS 
REPAIRED AND SHARPENED 
WE EXPORT TO ALL PARTS OF THE WORLD 
QUICK DELIVERIES 


Phone, GRamercy 5-0585 


S. G. KREBS CO., INC.( Distributors for 
351 Second Avenue Bausch & Lomb 
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STAINLESS STEEL CABINETS 


FOR THE OPHTHALMOLOGIST 
AND THE OTOLARYNGOLOGIST 


Formica covered working surface. Other models 
start at $60.00. Stools and instrument tables 
available. 


P & S MEDICAL EQUIPMENT 
14525 Arminta, Van Nuys, California 
ST 0-0447 
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WEST GERMANY 


FUNDUS 
CAMERA 


Eye movement does not affect picture 


This camera photographs a circular fundus area with a diameter of 30°—in 
color or black-and-white. Movements of the eye do not affect picture definition 
because electronic flash permits a short exposure. 


Diameter of the camera’s illuminating pupil is adjusted to the diameter 


of the patient’s pupil. Optically compensates for chromatic aberration and 
astigmatism of the eye. 


Operation of the camera is largely automatic—shutter release switches 
from observation to photography. Can also be used as a measuring camera. 
Uses standard 35mm film. 

Other Carl Zeiss Equipment 
Photo Attachments for Slit Lamp and Operation Microscope 
Vertex Refractionometer © Diagnostic Set © Hand Lamp 
Twin Lamp ® Binocular Head Magnifier 
Operation Microscope ® Light Coagulator 
Write for literature 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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highly potent agents for 


oral control of intraocular pressure—even on long-term use 


DARANIDE. 


DICHLORPHENAMIDE 


inhibits aqueous humor formation 

continued effectiveness, even on long-term use 
reduces danger of metabolic acidosis inherent in 
other carbonic anhydrase inhibitors 

may be effective when other therapy, including 
miotics, has failed or has not been tolerated 
smooth control —few side effects 


low dose effectiveness— less dosage than with 
other carbonic anhydrase inhibitors 


fast acting 


50 mg. tablets 


topical control of intraocular pressure 


HUMORSOL. 


DEMECARIUM BROMIDE 


potent and long acting miotic 


because it is unusually potent, it may be 
useful in breaking up peripheral synechiae 


aqueous— isotonic with conjunctival fluid 
stable 
can be used in combination with DARANIDE 


0.25% solution, in 5 cc. vial with dropper 


also available: FLO RO P RYL. for local treatment of glaucoma and strabismus 


ISOFLUROPHATE U.S. P. 


0.1% solution, 0.025% ointment 


Detailed information on ‘Daranide’, ‘Humorsol’, and ‘Floropry!’ available to physicians on request. 


MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA.| 


SHUMORSOL, DARANIDE, AND FLOROPRYL ARE TRADEMARKS OF MERCK & CO., INC, 
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FOR EVES OF EVERY HUE... CYCLOGYL® FOR CYCLOPLEGIA 


NEW... FOR THE DARK BROWN OR BLACK IRIS .. . CYCLOGYL 2% WITH PVP— 
the special soothing base containing PVP (polyvinylpyrrolidone) permits use of a higher 


concentration, effective even in the most darkly pigmented iris. 


FOR THE BROWN OR HAZEL IRIS . . . CYCLOGYL 1% 
FOR THE BLUE, GRAY OR GREEN IRIS . . . CYCLOGYL 0.5% 
VALUABLE TIMESAVING — effective within 30 minutes — rapid recovery when a miotic 


is used.* 
MAXIMAL SAFETY «... no significant variation of intraocular tension has been reported 
... does not produce any undesirable local or systemic effects following repeated 
instillation ...it is relatively nonirritating and nonsensitizing ... animal studies show 
low toxicity...” 
INDICATIONS: Refraction. When both cycloplegia and mydriasis are desired in treat- 
ment of iritis, iridocyclitis, keratitis and choroiditis— preoperatively for cataract or other 
appropriate surgery. (Cyclomydril™ [Cyclogyl 0.2% with phenylephrine 1%] is indicated 
for diagnostic procedures and therapy requiring only mydriasis). 
AVAILABILITY: New yt 7.5 ml. dropper bottle, 
2 ml. dropper bottle (prescription size) 
Cyclogyl 1% 15 ml. dropper bottle, 
2 ml. dropper bottle (prescription size) 
Cyclogyl 0.5% 15 ml. dropper bottle 


SAMPLES AND LITERATURE AVAILABLE ON REQUEST 


recovery occurs within 24 hours. 
1. New and Nonofficial Drugs; J. B. Lippincott Company, Philadelphia, 1958, p. 243. 


® 
Co./ Prince 1794 YC LOGYL 


New York 3, N.Y. (cyclopentolate hydrochloride, Schieffelin) 
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COMPARISON CHART BETWEEN MICROLENSES—SPHERCONS® 
Average ic change of flattest meridian 


Average dioptric change of steepest meridian 
of cornea after fitting. 760 120 


Average dioptric change of both meridians of 
830 08 D 


5.2% 
9.6% 


SPHERCON 


The Sphercon lens, as shown by the table, 

has minimized the problems of contact lens fitting. 

It is so constructed to offer minimal interference with 
corneal metabolism. With its small size, evaporation 

of fluids can take place easily and corneal 

temperature can be more normally maintained. 

The peripheral curve provides access of lacrimal secretion 
around or about the entire lens circumference, 

allowing for an adequate supply of surface nutrition 

and elimination of waste products. 


The Sphercon contact lens does not interfere with 

the limbal vascular system or the aqueous veins. 

Its relative thinness minimizes pressure from the lid 
while the central base curve of the lens allows for more 
even distribution of pressure over a greater 

area of the fluid surface. 


Write to Dept. F for the “Sphercon” Contact Lens Fitting Manual. 


THE PLASTIC CONTACT LENS COMPANY 
5 South Wabash Avenue, Chicago 3, Illinois 


Knowledge—Research—Development—for the contact lens field 
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Percentage of cases showing change in ce 
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Percentage of cases showing distortion of 
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NOW...DISTINCT FUNDUSCOPIC OBSERVATIONS 
CYCLOMYDRIL"”...FOR MYDRIASIS 
FAST... PROFOUND...WITHOUT CYCLOPLEGIA 


—through use ef New Even ia the most darkly 
dramitic pupilly dilation begins upon imstillation, This profound mydriasis 
to bright light bur readily reversible in am Mout or less with a mivtic, 


brown or haze) eyes. 3.15 mim. 


fan Increase i: Pupil Size 
) dark-brown. (Negro) 3.50 


$0 Minutes after Instillation! 
blue, or green eyes... 4.38 


The combined action of phenylephrine—an adrenergic Mydriatic of gene Cyciogyi= 
a potent anticholinergic mydriatic (im eoncentration withont cycloplegie effects) pic 
dices a pupillary dilation greater thag that obtained by either drug alone Ciyclomuars 

well (olerated —no significant chasge ocular tension or. other serious side 


Indications «nd Desage: In drop in cach eye 
n treatment of iritis, iridocyclitis, posterior synechiag, Ocular trauine 
nd after removal of cataracts or other surgery one drop cvery 6-8 
ay be used refraction in certain patients who have littl: or 
(Gyelogy!® is r-qured when both cyeloplegia and mydriasis are 
Composition: logyl® (cyclopentolate hydrochloride) 0.2%, phenyléphring 
ide 1.0% with PVP (polyvinylpyrrolideme) in a sterile, buffered 
Available in 2 m!. and 7.5 ml. dropper Bottles, 
amples and literature avuilable on request. 
3. Priestly, B. S.; Medine, M. M., and Philipsp eC, To be published. 2. Ahiquist, Ve 
Pharmacology in Medicine, McGraw-Hill Book Tac New York, 1954, p. 


fee 
“ 
undnscopic ex is easy and a@eupate—therapentic mydriasis 
4 
| 
+ 
7 
| 
A 
pore 
kg 


: zonulysis.. 


from the ophthalmic 


laboratories 


Dose Vial Ste 
saipha-chymot 
FEDERAL LAW PR Magnesium 08 


LAW PROMBILS 


alpha-chymotrypsin with BALANCED SALT SOLUTION, ALCON 
in CATARACT SURGERY 


ZOLYSE [alpha-chymotrypsin with BALANCED SALT SOLUTION, ALCON) 
effectively lyses the zonules, facilitates delivery of the lens and minimizes such 
dangers as capsular rupture, loss of vitreous, traumatic iridocyclitis and detachment 
of the retina. 

The BALANCED SALT SOLUTION, ALCON, which is furnished as a diluent and 
for lavage purposes, is a sterile, physiological balanced salt solution containing 
those ions essential to normal cellular metabolism. This solution is more acceptable 
to the intraocular tissues’ . . . and, in cataract surgery, seems to be more in balance 
with the normal fluids encountered in the inner eye.” 

ZOLYSE is not recommended to be used under the age of 20 or in cases of fluid 


vitreous, subluxation of the lens, endothelial dystrophy or in traumatic cataracts 
where the hyaloid is not intact.? 


Each ZOLYSE unit contains one vial of 750 units of lyophilized alpha-chymotrypsin 


and one |0cc vial of BALANCED SALT SOLUTION, ALCON, as the diluent and 
for irrigating the eye. 


BALANCED SALT SOLUTION, ALCON, is now available separately in boxes of 36 


for use in other ocular surgery. 


'Girard, L. J., Dukes, C. D., and Fleming, T. C. Presented at the international Congress of Ophth., 
Brussels, Belgium 


1958. 

2 Kara, Gerald B., “The Use of Alpha-Chymotrypsin in Cataract Extraction,” Research Report No. 10, Alcon 
Laboratories, inc., 1959. 

3vail, D., et. al, Report: Committee on use of alpha-ch hthaimology. Presented at the 


ymotrypsin in op v 
Sixty-fourth Annual Session, American Academy of Ophthalmology and Otolaryngology, Chicago, Oct. 
11-16, 1959. (To be published 
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terile sleeve bas been removed for photographing purposes. 


“Dial-in” magnifications. The AO Magni-Changer gives you instant ‘“‘dial- 
in” selection from five different magnifications . . . 3.5X through 15X. 
The parfocal optical system and large depth of focus mean you can 
change magnifications without refocusing. Once in focus, the focusing 
adjustment tension can be tightened instantly to assure that accidental 
jarring will not alter focus at a critical point during operation. The ex- 
ceptional long working distance remains constant at 8 inches to assure 
ample room for your hands and surgical instruments at all magnifications. 


American Optical 
COMPANY 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


Microscope 


gives you 3-D magnification for 
minute operative procedures 


The AO Surgical Microscope extends the 
advantages of 3-dimensional magnifica- 
tion to many varied surgical and clinical 
procedures. In Ophthalmology it will 
prove invaluable in Gonioscopy and for 
such surgery as discissions of congenital 
cataract, suturing of corneal transplants, 
removal of scleral and anterior foreign 
bodies, and lamellar grafts. As an oto- 
scope, it can be used to perform such 
surgery as fenestrations and stapes mo- 
bilization. 

In addition, this instrument should 
find wide application as an effective visual 
aid for surgery in many fields ranging from 
Proctology and Gynecology to Neuro- 
surgery and Cosmetic Surgery. It should 
also prove invaluable to the Dermatolo- 


ist in clinical examinations of skin 
esions, cracks and pustules. 

In short, the AO Surgical Microscope 
can be used in any application where 
3-dimensional magnification is desirable 
and where an intense, vertical light source 
is required to observe minute sur- 
faces or to illuminate the interior of small 
aperture body orifices. 

Convenient mechanical adjustments 
allow you to position the microscope 
body over the operating area and into 
precise focus quickly and surely. Inclined 
eyepieces assure comfortable viewing, 
and the 10X Wide-Field eyepieces have 
a high eyepoint permitting you to wear 
eyeglasses without any annoying cut-off 
or diminishing field of view. 


Light where you want it. Efficient vertical illuminator pinpoints brilliant, 
shadowless light over entire field of view or deep inside minute body ori- 
fices where the angle is too acute for oblique illumination. Light does 
not pass through microscope’s optical system...light is deflected vertically 
by prism arrangement located beneath objective...there’s no disconcerting 
light scattering or color aberrations. In addition, top quality, coated optics 
throughout the entire optical system’ provide a sharp, erect three-dimen- 
sional image with superior contrast and exceptional depth of field. 


Quick convenient adjustments. 
The vertical pillar and horizontal 
arm are easily adjusted to posi- 
tion the Microscope body quick! 
over the operating area. All ad- 
justments can be locked securely. 
Entire unit moves on locking 
ball-bearing casters. 


Dept. X244 


Please send complete information about AO’s New Surgical Microscope. 
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lof Frames for Modem Men 


RONDON in Aluminum 


This is the one you’ve asked for—Rondon Browline® Frame in 
anodized aluminum! The same younglike styling . . . same “cor- 
nering” of bolder, contemporary front into new wide, chevron- 
embossed Regis temple . ... same time- and temper-saving latch- 
lock interchangeability of toprims. 


You'll like the way Rondon looks in aluminum ...and your 
younger patients ( and those who would like to look younger ) 
will look the way they like. 


In Gunmetal, Ebony, Bronze and Brown—44, 46 and 48mm (18 
to 24 bridge) ; 50mm (20 to 24). Shuron Optical Company, 
k, Geneva, N. Y., Rochester, N. Y. 


FOR THE LOOK THEY'LL LIKE 
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It's New 


The RHEO-TRAN unit 
Illumination Control 
NO BATTERIES 


Send for literature 


OPHTHALMIC OPTICIANS 
Wholesale Rx Service 
Since 1920 


109 N. Wabash, at Washington 
Chicago, Il. 


From Mueller 
THE ONLY COMPLETE TONOGRAPHY UNI 


Electronic Tonometer 
and Recorder combined in 
single portable unit! 


Developed and built exclusively by V. Muelle 
This portable Tonography Unit brings a lon« 
needed, major contribution to modern tong 
graphic research. The Tonometer is great 
improved, more rugged, less subject to inte 
ference, and easier to read. Specially adaptem 
large graph recording device. 
OP-9050 Mueller Electronic Tonographer Thiam 
For 110 volts, 60 cycles, AC. Each, $895.00 & 
Improved Mueller Electronic Tonometer or R 
cording Unit EA are also available separately. 


Write for the New, Complete Brochure on the 
ic Tonometer and Tonographer 


/MUELLER CO. 


Fine Surgical Instruments and Hospital Equipment 


330 South Honore Street Chicago 12, Illinois 
DALLAS @© HOUSTON e LOS ANGELES @ ROCHESTER, MINN. 
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because 
shingles 
cost so 


you need the protection of TRUE SECURITY 


men need to buy four thousand dollars worth of 
hipment just to get started, as you probably did. That 
ra expense is only one of the many unusual financial 
dies in a medical career. Even with an above a 
ome, it takes wise planning to meet these special 
blems and at the same time provide for your family’s 


dical professions, Mutual Benefit Life can give you a 
mprehensive solution to your special problems with a 
rsonally designed and economical plan for your 
UE SECURITY. 
Your Mutual Benefit Life man’s counsel on your specific 
ancial requirements is yours without obligation. You'll 
@ able to think more soundly about the future once 
u’ve discussed TRUE SECURITY. Why not call your 
tual Benefit Life man soon. 


MUTUAL BENEFIT 


 LAFE sor recs seconery 


MUTUAL BENEFIT LIFE’S . 
FINANCIAL PLANNING FOR 
YOU AND YOUR FAMILY 


Send this coupon for your free copy of an analysis 

of the medical profession's financial problems and 

their solution. This is not only an insurance book!et 

but an overall handbook showing how you can keep 

more of your earnings. The use of this coupon does 
v not obligate you in any way. 


THE MUTUAL BENEFIT LIFE INSURANCE COMPANY 
AGENCY DEPT. AO-2 
NEWARK 1, NEW JERSEY 
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Seeeerinancial planning for medical men is a specialty of 
fae itual Benefit Life. With over a century of service to the 
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All Alcon Miotics have these product advantages: a Methylcellulose vehicle (which is chemically 
inert) to provide prolonged contact, give unexcelled absorption of drugs, lubricate and soothe the 
eye . +. strict quality control to assure sterility and uniform potency from bottle to bottle... 
tonicity and pH adjustments to give optimum patient comfort with maximum therapeutic effective- 
ness ... sterile 15 cc. Drop-Tainer® packaging which reduces the likelihood of contamination 

during use. . . preservatives added. 
h @ 1soPpTO” CARBACHOL—Carbachol U.S.P, in three concen- 
eac trations (0.75%, 1.5% and 3%) in a 1% Methylcellulose vehicle. 
a roduct ® 1SOPTO” CARPINE—Pilocarpine HCI U.S.P. in six concentra- 
p tions (0.25%, 0.5%, 1%, 2%, 3% and 4%) witn 0.5% Methylcellulose. 
0 e@1soPpTo® HCI U.S.P. (2%), Eserine 
"4 Salicylate U.S.P. (0.25%) in a 0.5% Methylcellulose vehicle. 
choice 1sopTo” ESERINE—Eserine Salicylate U.S.P.in two concen- 

Ss trations (0.25% or 0.5%) in a 0.5% Methylcellulose vehicle. 


Available at prescription pharmacies throughout the United States and Canada 


Alcon Miotics have GREEN caps and 
dropper tips for easy identification. Yost) ALCON LABORATORIES, INC., FORT WORTH, TEXAS 
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Some General Principles of Electron Microscopy 


BEN S. FINE, M.D.; A. J. TOUSIMIS, and LORENZ E, ZIMMERMAN, M.D., Washington, D.C. 


Throughout this issue of the ARCHIVES 
the reader will find the results, mainly in 
the form of micrographs, of morphologic 
studies of ocular tissues obtained with the 
electron microscope. The techniques em- 
ployed in electron microscopy differ con- 
siderably from those of light microscopy. 
For the proper appreciation of these results 
obtained with this instrument some knowl- 
edge of the methods used in specimen 
preparation is required. The purpose of 
this presentation is to outline some of the 
principles, materials, and techniques of 
electron microscopy. 

The resolution of the average human eye 
(i.e., the closest two points or lines can be 
together and still be perceived as separate) 
is considered to fall in the range of 0.1-0.2 
mm. (1004-200). This inherent limitation 
of the eye is overcome by use of magnify- 
ing lenses which refract light to “spread” 
these two points apart, so that intermediate 
points or lines may be distinguished as 
separate. Glass lenses, together with visible 
light, enable the observer to distinguish two 


The halftone illustrations of this article will 
be found in the special section of illustrations, 
pages 1001 and 1002. 

Received for publication Sept. 1, 1959. 

Supported in part by Grant B-1021, 
Institutes of Health. 

From the Ophthalmic Pathology Branch, Armed 
Forces Institute of Pathology. 

Special trainee of the National Institute of 
Neurological Disease and Blindness, National In- 
stitutes of Health (Dr. Fine). 
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points or lines 2,500 A. (0.254) apart.* 
This results in maximum useful magnifica- 
tions of about 2,000 diameters. The limita- 
tion in resolving power of glass lenses rests 
not in their imperfections, most of which 
have been overcome, but in the nature of 
light itself. The resolving power improves 
as the wave length of the light employed 
decreases. The ultraviolet microscope makes 
use of shorter light waves to attain resolu- 
tions of the order of 1,000 A., more than 
doubling the magnification of the ordinary 
light microscope. By use of the shorter 
wave lengths of the electromagnetic spec- 
trum (i.e., the x-rays), it should be possible 
to attain better resolutions. Unfortunately, 
however, x-rays cannot be used in conven- 
tional optical systems because these rays 
cannot be focused by glass, quartz, mag- 
netic, or electrostatic lenses. 


The Electron Microscope 


The development of high resolution mi- 
croscopy relies upon the use of another type 
of radiation. The electrons which behave 
both as particles and as waves (i.e., similar 
to the dual nature of electromagnetic radia- 
tion) have been found suitable. Electron 
beams (cathode rays) have very short 
wavelengths (of the order of 0.05 A. for 
50 kv. electrons) and can be deviated by 


*lcm. 10 mm. 
1mm. 1,000 microns 
lp 1,000 millimicrons (mp) 
1 mpg 10 angstroms (A.) 


Range of visible light perceived by the normal 
human eye 4,000-7,000 A. 
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an electrostatic or magnetic field. A prop- 
erly shaped magnetic field (created usually 
by electromagnets) is, therefore, used as a 
lens to focus a beam of electrons in much 
the same way as a glass lens bends and 
focusses a beam of light. 

The resolution of a modern electron mi- 
croscope is of the order of 10 A. (0.001,), 
a gain by a factor of 250 or more in re- 
solving power and useful magnification 
when compared with the light microscope. 
The geometric optics of this instrument and 
even the physical arrangement of its parts 
in the microscope column resemble those 
of the light microscope (Fig. 1). The light 
rays, which in the conventional microscope 
enter the bottom of the column, are replaced 
by a beam of electrons (cathode rays) 
emanating from a heated filament (usually 
tungsten) placed at the top of the micro- 
scope column. Below this source of elec- 
trons in descending arrangement is a series 
of circular electromagnets, the lenses, the 
beam of electrons passing through their 
central apertures. These lenses are given 


Fig. 1—The arrangement of the component 
parts in the light microscope, shown inverted on 
the left, is analogous to that of the electron 
microscope on the right. The illumination in the 
conventional microscope is visible light, while 
in the electron microscope the specimen is 
“illuminated” by electrons. The “lenses” in the 
electron microscope are electromagnets, and the 
entire assembly including the specimen is in 
vacuum. 
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analogous names lens, 


condenser 
objective lens), but the “ocular” is called 
“projector” for it projects the final image 
onto a fluorescent screen for viewing. The 
beam of electrons can be focussed by alter- 
ing the amount of current flowing through 


(viz., 


these electromagnetic lenses. For proper 
operation this entire column must be evac- 
uated to the level of vacuum found in a 
good television tube (10-*— 10-5 mm. Hg). 
The remainder of the instrument consists 
of a high-voltage power supply to provide 
an extremely constant accelerating poten- 
tial + for the electron beam, current con- 
trols for the magnetic lenses, a high 
capacity pumping system to maintain or 
renew the vacuum each time a new speci- 
men is to be examined, and a system for 
recording the images of photographic 
plates. 

As in light microscopy, the specimen is 
placed on the condenser side of the ob- 
jective lens in the microscope column. Be- 
cause of the vacuum in the column chamber 
where the specimen is placed, examination 
of wet or living tissue is not practical. 


Materials and Methods 


Because of the use of electron beams in- 
stead of light, and because of the necessity 
for examination in vacuum, special methods 
are employed in the preparation of speci- 
mens for suitable examination. 

A. Fixation.—Most of the fixatives used 
in light microscopy are not suitable for 
electron microscopy. Suitably buffered fixa- 
tives containing heavy atoms, such as are 
present in osmium tetroxide and potassium 
permanganate are widely used. These com- 
pounds function as fixatives and at the 
same time, because of their high electron 
scattering power, increase the contrast of 
the specimen. Unfortunately they penetrate 
tissues very slowly, so that the latter must 
be fixed in very small pieces (1 mm. thick). 
In addition, it is essential that the tissue be 
placed in the fixative within the shortest 

+ The focusing of the beam of electrons de 
pends both on their velocities (determined by ac 
celerating potential) and magnetic field of the lens. 
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possible time (10 min.) after their removal, 
in order to minimize autolytic effects on its 
ultrastructure. 

B. Embedding.—Suitably prepared tissue 
is dehydrated in graded alcohols (ethyl or 
methyl) or acetone. The tissue is finally 
impregnated by liquid plastic (e.g., monomer 
of methacrylate) which is subsequently 
polymerized to suitable hardness. 


C. Sectioning —The magnified image of 
the specimen is produced mostly by the 
scattering of incident electrons. Because of 
this there is for most electron microscopes 
in use today an optimum thickness of tissue 
which may be examined without loss of con- 
trast. This thickness is of the order of 
0.050. (Figs. 2 and 3), in contrast to the 
sections prepared for light microscopy 
which are of the order of 5 to 10 microns. 
To cut such thin sections, the plastic em- 
bedded tissue is firmly mounted in a 
specially designed microtome (ultramicro- 
tome) which advances the specimen as little 
as 0.025 with each revolution. 

Although specially sharpened steel knives 
or razor blades are used to cut these ex- 
tremely thin sections, the glass knife is by 
far the most widely used of all the cutting 
tools. This consists of a piece of ordinary 
plate glass broken in such a way as to pro- 
duce a sharp, but very short edge for cut- 
ting (less than % inch). 

D. Mounting.—Instead of a glass slide, 
the specimen is mounted on a very thin 
film (100-200 A. thick) supported by a 
small copper screen or “grid”. These films 
are usually made of parlodion, formvar, or 
carbon. Such films are, for all practical 
purposes, transparent to the electrons and 
perform the same function as a glass slide 
in light microscopy. _ 

E. Particulate Matter—Very small par- 
ticulate matter such as dust, bacteria, 
viruses, or connective tissue elements may 
be examined by drying suspensions of these 
materials on the plastic covered copper 
screen and examining them directly. Detail 
within these particles can be observed pro- 
vided that a variation of densities is present. 


Fine et al. 


Tissues fractionated by homogenization and 
differential centrifugation (e.g., mitochon- 
dria, microsomes, pigment granules, col- 
lagen, and other components) can be 
examined with the electron microscope. 
These materials can be examined as sus- 
pensions or after embedding and sectioning. 

F. Shadowcasting.—This technique con- 
sists of evaporating a heavy metal (chro- 
mium, palladium, or uranium) in a vacuum 
chamber, so that the atoms of metal which 
travel in all directions in straight lines de- 
posit themselves over the specimen and its 
support (Fig. 4). The portion of the sup- 
porting film lying shielded by the specimen 
receives no metallic covering and, therefore, 
in subsequent examination in the electron 
microscope, permits passage of more elec- 
trons. This results in a brighter image on 
the viewing screen which will appear as 
a shadow on the photographic plate. This 


SHADOWCASTING 


Fig. 4—The metal used for shadowcasting is 
evaporated onto the specimen in a vacuum chamber 
shown in the upper part of the diagram. The 
angle of shadowing (@) is determined in advance; 
thus the height of the particle (center of diagram) 
can be calculated from shadow length measure- 
ment. The final electron micrograph, resulting from 
such a preparation is shown in the lower part of 
the figure. More electrons pass through the por- 
— — has no metal coating, resulting in a 
shadow. 
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method produces a three dimensional effect 
and enhances the contrast of a specimen 
enabling the determination of size and 
shape of small particles (Fig. 5). Shadow- 
casting is reminiscent of the methods em- 
ployed by aerial photographers who take 
pictures with a low sun, so that the shadows 
cast will bring out the small projections 
on the surface of the earth in strong relief. 
Ophthalmologists use a similar technique 
when they apply what is called indirect, 
lateral, or oblique illumination with the slit 
lamp to make objects adjacent to the il- 
luminated surface stand out in relief. 

G. Shadowed Tissue Sections.—Mention 
has been made of the methods used to ob- 
tain very thin sections of tissue suitable for 
examination in the electron microscope. 
However, in this effort to obtain thinner 
and thinner sections, information concern- 
ing materials which are usually found in 
lower concentration than within cells (i.e., 
intercellular substances) becomes unobtain- 
able. One way to overcome this loss is to 
examine thicker sections (0.10% or more) 
of tissue with the sacrifice of detail of intra- 
cellular structure. In order to increase the 
contrast and stabilize the specimen, the em- 
bedding medium is dissolved away and the 
remaining tissue structures are then shadow- 
cast. This method has been used in the 
study of both plant and animal tissues. Else- 
where in this issue there appears a paper 
which is based upon application of this 
method to the examination of the iris 
stroma. This tissue is emminently suiiable 
for this type of examination because of its 
peculiar structure. 
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H. Replicas——Examination of the sur- 
face of a solid is accomplished by replica 
methods. Replication methods have been 
used in light microscopy of ocular tissue but 
not yet for electron microscopy. In elec- 
tron microscopy this consists usually of 
making a thin plastic cast of the surface. 
This is then stripped off and shadowcast 
with a heavy metal; thus upon examination 
in the electron microscope, the irregularities 
of the surface will stand out in bold relief. 

I, Others—A number of other tech- 
niques and methods of tissue treatment are 
available or are in the process of develop- 
ment. These are somewhat like the special 
stains of ordinary histology and are 
employed to obtain answers to specific ques- 
tions. Stereoscopic viewing, electron dif- 
fraction, use of other embedding media 
such as resins (araldite), and cutting with 
the diamond knife all find their areas of 
usefulness. Certain biochemical and histo- 
chemical techniques may also be applied to 
tissues which are subsequently examined in 
the electron microscope. 


Summary 

Electron microscopy, as it is widely 
practiced today, employs a beam of elec- 
trons, a series of electromagnetic lenses, 
and the principles of geometric optics to 
achieve much greater resolution (and useful 
magnification) than is possible by light 
microscopy. A variety of materials and 
methods have been developed to apply this 
type of microscopy to the study of animal 
tissues. Some of the principles behind these 
techniques are reviewed. 


Armed Forces Institute of Pathology (25). 
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Ultrastructure of the Ciliary Epithelium 


AKE HOLMBERG, M.D., St. Louis 


. Introduction 
. Materials and Methods 
General Topography 
. The Normal Structure 
1. Nonpigmented epithelium 
Internal limiting membrane 
Cell membrane and £-cytomembranes 
a-Cytomembranes 
Golgi apparatus 
Mitochondria 
Nucleus 
Granules 
. Ground substance 
igment epithelium 
Cell membrane and £-cytomembranes 
a-Cytomembranes 
Golgi apparatus 
Mitochondria 
Nucleus 
Granules 
Ground substance 
h. External limiting membrane 
. Alterations in Structure and Function 
1, Appearance of epithelium in young rabbits 
2. Appearance of epithelium after treatment 
with acetazolamide 
F. Comment 
G. Conclusion 
H. Summary 
A. Introduction 


Since the publication of the analysis of 
the ultrastructure of normal and acetazola- 
mide (Diamox)-treated nonpigmented 


The halftone illustrations for this article will 
be found in the special section of illustrations, 
pp. 1003 to 1032. 
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Fight for Sight Fellow of the National Coun- 
cil to Combat Blindness, Inc. 

This investigation was supported in part by 

a Research Grant, B-621, from the National In- 
stitute of Neurological Disease and Blindness of 
National Institutes of Health, Public Health 
Service. 
- From the Departments of Ophthalmology and 
Anatomy and the Oscar Johnson Institute, Wash- 
ington University School of Medicine, St. Louis, 
and the Department of Anatomy, Karolinska In- 
stitutet, Stockholm, Sweden. 


a. 
b. 
d. 
f. 
g. 
h 
a. 
b. 
d. 
f. 
g. 


ciliary epithelium in the rabbit eye (Holm- 
berg, 1957), the investigation has been 
extended to include the pigment epithelium 
in adult rabbit and both epithelial layers in 
monkey, human, and young rabbit eyes. The 
ultrastructure of the ciliary body capillaries 
and of the external and internal limiting 
membranes have been described on pages 
949-951 in this issue and will be omitted 
from this presentation. 

Because of the limited resolution of the 
light microscope, very little has been added 
to Seidel’s extensive work during the sec- 
ond and third decade of this century on 
the morphology of the ciliary epithelium 
and its alterations. The electron microscope 
has made it possible to examine tissues on 
a macromolecular level and to define a 
large number of cellular components, pre- 
viously not known. In some cells it has also 
been possible to correlate submicroscopic 
constituents to special cellular functions. 

The present analysis of the fine structure 
of the ciliary epithelium concerns the find- 
ings in normal cells and the changes in- 
duced experimentally. 


B. Materials and Methods 


For evaluating the normal structure of 
the ciliary epithelium in different species, 
the following material was used: albino and 
pigmented rabbits weighing 2-3 kg., young 
rabbits of ages between 1 and 30 days, 
young monkeys, and two fresh human eyes, 
30-40 years of age. 

The experiments with acetazolamide and 
controls were performed on albino and pig- 
mented rabbits weighing 2-3 kg. All animals 
were nephrectomized 15-20 hours before 
the experiments started. The dosage of 
acetazolamide was 10 mg. per kilogram of 
body weight given intravenously in a 1% 
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solution. As a control substance Diazil was 
used in the same amount and concentration. 
The period of treatment with acetazolamide 
or Diazil varied from 15 minutes to 2 hours. 

One patient with a unilateral malignant 
melanoma was given 500 mg. of acetazol- 
amide intravenously 15 minutes before 
enucleation. 


The fixation, dehydration, and embedding 
technique used in this work were the same 
as are routinely used in electron micros- 
copy with small modifications. The fixative 
consisted of 1% osmium tetroxide solution 
in barbital ( Veronal)-acetate buffer ( Palade, 
1952) brought to isotonicity according to 
Sjostrand (1953) by adding sodium, po- 
tassium, and calcium chloride. For increas- 
ing the contrast in the tissue 0.1% 
phosphotungstic acid was used in 70% 
alcohol during the dehydration procedure. 
The tissue was embedded in a methacrylate 
mixture according to Newman, Borysko, 
and Swerdlow (1949). Sectioning was per- 
formed partly on the Sjostrand Ultra- 
microtome and partly on the Porter-Blum 
microtome. The sections were examined in 


RCA EMU 2C and 2TE microscop:s. 


C. General Topography 


The material studied was taken ex- 
clusively from the ciliary corona, where 
the ciliary processes are very pronounced. 
Each process presents a central core of 
stroma and capillaries, covered by a double 
layer of epithelium, a nonpigmented layer 
bordering on the posterior chamber and 
an outer pigmented layer. Between the 
stroma and the pigmented layer there is 
an external limiting membrane and between 
the posterior chamber and the nonpigmented 
epithelium there is an internal limiting 
membrane. Figures 1 and 2 are light micro- 
graphs showing the relationships between 
different parts of a ciliary process. They 
are presented here for the purpose of orien- 
tation and correlation with the electron 
microscopic appearance. 

The most obvious differences between the 
two cell layers are the presence of pigment 
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granules in the outer layer and the differ- 
ence in size of the cells. In the inner non- 
pigmented layer the cell height is 10y-15y 
as compared to 4u-6y in the outer layer. 
The nonpigmented cells are cubical or 
cylindrical, while the pigment cells are con- 
siderably flatter, so that each cell usually 
borders on more than one nonpigmented 
cell, Other differences between the two lay- 
ers will be considered later. Characteristic 
of the nonpigmented epithelium are large 
and deep indentations between adjacent 
cells, giving the apical part of the cells the 
form of a cupola. 


D. The Normal Structure 


1. Nonpigmented Epithelium.—a. In- 
ternal Limiting Membrane: The internal 
limiting membrane of the rabbit and human 
ciliary body have been discussed in detail 
elsewhere in this issue. In the mon- 
key this membrane is much the same as 
in the rabbit as regards its thickness, elec- 
tron density, and limitations. In other 
words, the external limiting membrane in 
both rabbit and monkey eyes has the ap- 
pearance of a regular basement membrane 
(Fig. 7). In contrast to this is the human 
eye, where the membrane appears as a 
broad meshwork covering the surface of 
the nonpigmented epithelium (Fig. 4). 

b. The Cell Membrane and 8-Cytomem- 
branes: The cell membrane appears in 
electron micrographs as a comparatively 
dense, dark layer, about 40 A in thickness. 

A characteristic feature of the nonpig- 
mented ciliary epithelium is the presence of 
8-cytomembranes, in the apical part of the 
cell close to the cell surface (Figs. 5 and 
6). -Cytomembranes are defined by 
Sjostrand (1956) as “membranes which 
represent tight folds of the cell membrane 
extending in the interior of the cell body 
and which do not constitute boundaries 
facing the surrounding milieu, that is the 
two membranes of a fold are in close con- 
tact.” The 8-cytomembranes are present in 
the nonpigmented epithelium of all three 
species examined and are identical as to 
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thickness and composition. They represent 
folds only of that part of the cell membrane 
which faces the internal limiting membrane, 
and they are only found in the apical part 
of the cells. In no case have they been 
encountered lower than the level of the 
upper third of the nucleus. Since they do 
not extend over the entire cell, their fre- 
quency varies from section to section. In 
detail they appear as triple-layered mem- 
branes with two osmiophilic layers facing 
an osmiophobic layer. The total thickness 
is about 160 A, the opaque layers are about 
40 A each, and the less opaque layer is 80 
A wide. The membranes are very regular, 
but occasionally one sees a widening of the 
osmiophobic layer to form large vacuoles. 
In no instances and in no species have 
connections or communications between the 
8-cytomembranes and other cell components 
been observed. 

Where two adjacent cells border each 
other the cell membranes come in close con- 
tact, forming a double membrane about 
160 A wide. The regular less opaque space, 
which separates the opaque cell membranes 
indicates, however, that each cell membrane 
consists of two parts, one osmiophilic and 
one osmiophobic, each about 40 A wide. 
The border line between two adjacent cells 
is not a straight line but is folded ex- 
tensively so that the cells form long digit- 
like extensions into each other (Fig. 7). 
This is especially marked in the apical two- 
thirds of the cell, and toward the base of 
the cell the border is straighter. Although 
all three species examined show the char- 
acteristic foldings of the cell membrane at 
the boundaries, they appear more pro- 
nounced in the rabbit eye than in human 
and monkey eyes. 

The boundary line between the nonpig- 
mented and pigmented layer is in principle 
built in the same way as is the boundary 
between the nonpigmented cells described 
above. However, there are very few and 
small folds or extensions from one cell to 
another. In addition, this part of the cell 
boundary has a large number of terminal 
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bars (Fig. 8). These are areas along the 
cell boundary, where the cytoplasm close 
to the cell membrane shows a greater 
density than elsewhere. 

c. a-Cytomembranes: The a-cytomem- 
branes are defined by Sjéstrand (1956) 
as “about 50 A thick membranes to one 
side of which opaque angular shaped par- 
ticles with a mean diameter of 150 A are 
attached. These membranes bound irreg- 
ularly formed and in most cases very flat 
spaces.” In the nonpigmented ciliary epi- 
thelium the a-cytomembranes are scattered 
throughout the cytoplasm. Occasionally 
they are found in groups of 10-20 mem- 
branes (Fig. 9). In the rabbit eye they are 
mostly apical to the nucleus, but in human 
and monkey eyes they are more frequent 
in the basal part of the cell (Fig. 10). In 
the ciliary epithelium the a-cytomembranes 
appear as separate units with no connections 
between the individual membranes. The 
space bounded by the membrane, although 
varying in size, has never been found to 
reach the configuration of large vacuoles. 

d. Golgi Apparatus: There are no reports 
in the literature about the light microseopic 
appearance of Golgi apparatus in the ciliary 
epithelium. It is, however, very easy to 
localize with the electron microscope. This 
particular cell component has the same lo- 
cation and composition in all three species 
examined (Figs. 8, 10, and 11). Without 
exception it is encountered in the basal 
part of the cell, in most instances below 
the nucleus. The Golgi apparatus in the 
nonpigmented ciliary epithelium consists of 
a system of paired membranes and a var- 
iable number of small vesicles. The mem- 
branes lie parallel to each other, and the 
vesicles are scattered mostly at the periph- 
ery of the membranes. The length of the 
membrane system and the number of 
vesicles are of the same magnitude in both 
rabbit, human, and monkey eyes. In the 
Golgi region of the nonpigmented epithelium 
large vacuoles are rarely seen. 

e. Mitochondria: Mitochondria are seen 
in all parts of the cell and do not seem to 
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be more concentrated in any particular 
region. In the ciliary nonpigmented epi- 
thelium they are sausage-shaped bodies with 
a length of 2u-3y. The width varies in the 
different species. The mitochondria in the 
rabbit eye have a mean width of 0.18p, 
whereas in man the mean width is 0.22y 
and in the monkey 0.26u. The fine struc- 
ture of the mitochondria is the same in all 
three species. They have a boundary of a 
triple-layered membrane and a system of 
triple-layered membranes in the ground 
substance. These membranes are arranged 
parallel with each other and in most cases 
perpendicular to the long axis of the mito- 
chondria (Fig. 12). 

f. Nucleus: The nucleus in the adult 
species always occupies a large space in the 
basal part of the cell. It is usually oval- 
shaped and displays large indentations, The 
nuclear substance consists of granules, 
about 150 A in size. The granules are more 
densely packed at the site of the nucleolus. 
The nucleus is surrounded by a triple-lay- 
ered membrane about 200 A thick, in which 
occasional discontinuities are seen (Fig. 30). 

g. Granules: In the nonpigmented epi- 
thelium different kinds of granules are seen. 
In rabbits a varying number of solitary 
osmiophilic granules are found in the basal 
part of the cell. These are 0.15y-0.35y in 
size and contain strongly osmiophilic grains 
in their ground substance (Figs. 8 and 12). 
In the human material the granules differ 
in appearance and distribution. They are 
present in all part of the cells, and they are 
almost always found in aggregates (Fig. 
10). The individual granule is homogenous 
and the size of each granule varies from 
0.05» to 0.654. The nonpigmented ciliary 
epithelium of the monkey seems to lack 
granules of this type. 

In addition to the type of granules de- 
scribed above, human material contains 
granules varying from 0.1p to 0.6. and 
without pronounced osmiophilia. These 
granules have a distinct membrane and 
homogenous ground substance. They are 
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generally located at the basal part of the 
cell. 

h. Ground Substance: Besides the cell 
structures described above, there are at 
least three more components in the nonpig- 
mented epithelium, Small granules, about 
150 A in size, are scattered throughout the 
cell. They appear identical with the granules 
attached to the a-cytomembranes. Secondly, 
small vesicles, 300-1,000 A in width, with 
single smooth membranes, are found in all 
parts of the cell. When encountered close 
to the cell surface, the vesicles are some- 
times arranged in rows (Fig. 13) similar 
to acetazolamide-treated material. A third 
component is the homogenous matrix in 
which all cell components are embedded. 

2. Pigment Epithelium.—a. Cell Mem- 
brane and f£-Cytomembranes: The f-cyto- 
membranes are encountered close to the cell 
surface, that is, in that part of the cells 
which faces the external limiting membrane 
(Figs. 14 and 15). In general appearance, 
composition, and size, they are identical 
with the 8-cytomembranes of the nonpig- 
mented epithelium. They seem, however, to 
be less frequent, and they do not reach as 
deep into the cell body. This means that 
the -cytomembranes in the pigment cells 
are found within a very small area next to 
the cell surface. No differences have been 
noted among rabbit, monkey, and human 
eyes as to the f-cytomembranes of the 
pigment epithelium. 

Digit-like extensions from one cell to an- 
other also occur in the pigment layer, so 
that the boundary line between two adjacent 
cells is a very folded double membrane, 
similar to the nonpigmented epithelium 
(Fig. 16). The differences are that in the 
pigmented layer the extensions are present 
at the basal parts of the cells, are smaller, 
and are less frequent. 

b. a-Cytomembranes: a-cytomembranes 
are a:so seen in the pigment cells. They 
are scattered in the cytoplasm of the cell 
and do not differ in any respect from the 
a-cytomembranes in the nonpigmented 
cells. Nor are there differences in this 
respect among the species examined. 
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c. Golgi Apparatus: In the pigmented 
cell, the Golgi apparatus is constantly lo- 
cated in the apical region and occupies a 
very small area (Figs. 8 and 18). In gen- 
eral appearance and composition it is 
similar to the Golgi apparatus in the non- 
pigmented cells, but the minute structure 
differs in some respect. In the pigmented 
cells the membranes are fewer and con- 
siderably shorter, and the vesicles found 
within the Golgi region are much less fre- 
quent, Thus the Golgi apparatus is limited 
to a very restricted area of the pigmented 
cells and is seen in relatively few sections. 
The differences in appearance of the Golgi 
apparatus between the pigmented and non- 
pigmented cells are similar in the three 
species. 

d, Mitochondria: The ultrastructure of a 
mitochondrion of pigmented epithelium re- 
sembles that of the nonpigmented cell. 
However, there are fewer mitochondria in 
the pigmented cell, and they appear un- 
evenly distributed in pigmented animals. 
In the cells where pigment granules are 
present, mitochondria are occasionally found 
between the granules, but they are mostly 
concentrated within the basal part of the 
cell, where pigment granules are absent. 
In albino animals, however, the mitochon- 
dria are scattered all over the cell without 
any particular concentration. 

In the rabbit eyes the width of the mito- 
chondria in the pigmented cells is the same 
as in the nonpigmented cell (0.17). In 
the two other species they are considerably 
smaller. In the monkey eyes the width is 
only 0.17 and in the human eye it is 0.18. 
as compared with 0.26. and 0.22, re- 
spectively, for the nonpigmented epithelium 
of these species. 

e. Nucleus: The nucleus of the pigment 
epithelium in all three species occupies a 
comparatively large area in the cell and has 
a pronounced oval shape with its long axis 
parallel to the long axis of the cell. 

f. Granules: There are two types of large 
granules in the pigment epithelium, pig- 
mented and nonpigmented (Fig. 17). Al- 


Holmberg 


though one can find individual granules 
with some pigment in albino animals, the 
majority of the granules in these animals 
are nonpigmented. 

The pigment granules are located within 
the apical two-thirds of the cell, where 
they are distributed around the nucleus in 
the form of a cap. Only occasionally one 
finds granules in the most basal part of the 
cell. 

There seem to be at least three different 
kinds of pigment granules. The commonest 
form is spherical with a diameter of 0.5y- 
1.24 in rabbit and monkey and 0.4y-1.7p 
in human eyes. Less common is the egg- 
shaped granule with sizes in the range of 
1.0X0.6u-1.4X0.8 in rabbit and monkey 
and 1.0X0.4n-2.5X0.9 in human material. 
Rarest is the giant granule with a diameter 
up to 2.7». So far the last type has been 
seen only in the rabbit. Although each 
granule is very sharply limited from the 
surrounding, it has not been possible to 
visualize a definite limiting membrane. 
However, such a membrane may be masked 
entirely by the pigment. 

In rabbit and monkey each granule ap- 
pears separately, but in man one occasion- 
ally sees conglomerates of 12-15 relatively 
small granules. Each granule in all three 
species is built up of subunits, 0.05y-0.1p 
in size. The amount of pigment varies con- 
siderably from very heavily pigmented 
granules, where the subunits hardly can 
be identified, to granules with only a few 
subunits embedded in a homogenous ground 
substance (Fig. 17). 

Nonpigmented (Fig. 18) granules are 
commonest in albino rabbits but occur to 
less degree in pigmented rabbits, monkeys, 
and man, In human eyes they have been 
found in only a few sections. These partic- 
ular granules usually have an oval shape 
and a relatively uniform size, varying from 
to 0.5u. They are without exception 
limited by a single membrane. Although 
they are called “nonpigmented,” it is com- 
mon to find such granules with several 
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dark grains scattered in the ground sub- 
stance, even in albino rabbits. 

g. Ground Substance: The ground sub- 
stance of the pigment epithelium contains 
the same components as the nonpigmented 
epithelium. The same regular arrangement 
of the vesicles in rows is also observed in 
the pigment cells. However, in all three 
adult species, the ground substance of the 
pigment cells is much denser. This results 
in part from an increased number of the 
small granules, 150 A in size, scattered 
throughout the ground substance (Figs. 8 
and 18). 

h. External Limiting Membrane: On 
page 953 in this issue, the external limiting 
membranes of rabbit and man have been 
described. The differences in appearance 
of this membrane in the two species was 
pointed out. In the rabbit the external limit- 
ing membrane shows up as a very thin 
layer, 200-350 A thick; in the monkey 
it has a thickness of between 400 and 
800 A, whereas, in man it occupies an area 
of up to 4 in thickness (Figs. 14 and 19). 
In all three species the membrane is very 
homogenous and does not display any par- 
ticular structure. The surface of the cell 
which faces the external limiting membrane 
is in all species very irregular with many 
cytoplasmatic extensions. In the rabbit and 
monkey the external limiting membrane fol- 
lows the cell surface very closely, while 
in man the extensions lie embedded in the 
membrane (Fig. 19). 


E. Alterations in Structure and Function 


1. Appearance of Epithelium in Young 
Rabbits——There is evidence that the new- 
born rabbit does not secrete aqueous humor. 
Kinsey et al. (1945) demonstrated that in 
rabbits up to 9 days of age the concentra- 
tion of ascorbic acid in the aqueous is the 
same as in blood. Aqueous ascorbate reaches 
its normal level in the 27-day-old rabbit. 
Moreover, the same authors found the 
volume of the aqueous humor to be ap- 
proximately zero in newborn rabbits. 


Therefore it might be of some interest to 
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analyze the ultrastructure of the ciliary 
epithelium during the periods before and 
after the secretion of aqueous humor has 
started. 

The material reviewed for this report in- 
cludes rabbits 1 day, 5 days, and 30 days 
old. 

Nonpigmented Epithelium: 8-Cytomem- 
branes. Although a large number of cells 
have been examined, 8-cytomembranes have 
been found only in very few cells from 
1- and 5-day-old rabbits. Not only are they 
almost absent in animals of this age group, 
but the membranes observed are very short. 
In 30-day-old animals however the f-cyto- 
membranes are present and appear normal. 

a-Cytomembranes. The number of a- 
cytomembranes is definitely increased in the 
young rabbits. They are found in all parts 
of the cell, and they do not appear in the 
groups seen in adult rabbits. 

Golgi apparatus. The Golgi apparatus is 
found in the normal position, that is, in 
the basal part of the cells. The number of 
vesicles found in the periphery of the mem- 
brane system seems to be increased (Fig. 
20) and the membranes are shorter. 

Nucleus. It has been constantly observed 
in 1- and 5-day-old rabbits that the nucleus 
is located in the apical part of the cells. 
In many instances it is encountered im- 
mediately beneath the cell membrane (Fig. 
21). In 30-day-old animals the nucleus has 
assumed its normal position in the basal 
part of the cell (Fig. 22). 

Mitochondria. There is no appreciable 
difference in the appearance of the young 
rabbit mitochondria in comparison with the 
adult animal. There seems to be no differ- 
ence in number of membranes, and the 
mean thickness is the same, 0.18y. 


Ground substance. The nonpigmented 
epithelium in the youngest rabbits (1 and 
5 days old) has almost the same density 
as the pigment epithelium (Fig. 21). This 
is due to an enormous increase in the num- 
ber of small electron-dense particles of the 
ground substance. In 30-day-old rabbits, on 
the other hand, there exists the same differ- 
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ence in density between the two epithelial 
layers as is observed in adult rabbits. 

The small vesicles, encountered in the 
adult animals, are also present in the young 
ones. In young rabbits one may see the 
vesicles arranged in rows (Fig. 23), similar 
to normal and acetazolamide-treated adult 
animals (Fig. 13). Most interesting is the 
finding that this particular arrangement of 
the vesicles is also observed in rabbits (1-5 
days old) with few, if any f-cytomem- 
branes. 

Pigment Epithelium: All cell components 
found in the pigment cells of adult animals 
are also present in the young rabbits. Thus, 
B-cytomembranes in a normal number are 
observed in one-day-old rabbits. This is sur- 
prising in view of the fact that they are 
practically absent in the nonpigmented epi- 
thelium at this age. There are also vesicles, 
and, as in adult animals, they are some- 
times arranged in rows at the basal surface 
of the cell, 

2. Appearance of Epithelium After 
Treatment with Acetazolamide.—The mor- 
phological changes seen after acetazolamide 
seem to be limited to the nonpigmented 
epithelium in rabbits and to the pigment 
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Chart 1.—Mean width of the mitochondria after 
intravenous administration of acetazolamide’ (Dia- 
mox) and Diazil (10 mg. per kilogram) to the 
rabbit. Reproduced from Holmberg, A.: Thesis, 
Stockholm, 1957. 
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epithelium in man. In both species the same 
cellular components are altered, namely, 
the mitochondria, the Golgi apparatus, and 
the ground substance of the cytoplasm. 

Mitochondria: In rabbits treated with 
acetazolamide there is a marked increase in 
thickness of the mitochondria of the non- 
pigmented epithelium (Chart 1). The mean 
width of the mitochondria in normal and 
control rabbits is 0.18 and in the acetazol- 
amide-treated animals, 0.25. The difference 
is statistically significant. In the one human 
eye studied after acetazolamide the width 
of the mitochondria in the pigment epithe- 
lium was 0.20u as compared to 0.18. in two 
normal human eyes. The change seen in 
both species seems to be due to an increase 
of the ground substance of the mitochon- 
dria. No alterations of their fine structure 
have been observed. The mitochondria in 
the rabbit pigment epithelium and the mit- 
ochondria in the human nonpigmented 
epithelium are not influenced by acetazol- 
amide, neither as to thickness nor fine struc- 
ture. 

Golgi Apparatus: The changes in Golgi 
apparatus after treatment with acetazola- 
mide are shown in Figures 24 and 25 and 
Chart 2. Parallel with a decrease in the 
length of the membranes of the Golgi ap- 
paratus there is a marked increase in the 
number of small vesicles. Both species show 
the same alterations, and again in rabbits 
it is only the Golgi apparatus of the non- 
pigmented epithelium and in man the Golgi 
apparatus of the pigment epithelium which 
are affected by acetazolamide. The minute 
structures of the Golgi apparatus, such as 
the thickness of and the distances between 
the membranes and the dimensions of the 
vesicles, do not show any significant altera- 
tion after treatment with acetazolamide. 
Contrary to the changes in the mitochondria, 
which persist in all material treated with 
acetazolamide, the changes in the Golgi ap- 
paratus are most pronounced in material 
treated for a short period (15-30 minutes). 
In animals treated for an hour or more 
there are little or no changes in the Golgi 
apparatus as compared with control material. 
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Chart 2. in the length of the mem- 
branes (upper diagram) and the number of 
vesicles (lower diagram) in the Golgi region 
after intravenous administration of acetazolamide 
(Diamox) and Diazil to the rabbit. Reproduced 
from Holmberg, A.: Thesis, Stockholm, 1957. 


Ground Substance of Cytoplasm: As seen 
in Figures 25-29, in acetazolamide-treated 
rabbit and human eyes there is a marked in- 
crease in small vesicles in the cytoplasm as 
compared with the untreated material. Re- 
garding the appearance of these vesicles, 
there seems to be some difference between 
the two species. In the nonpigmented 
epithelium of rabbits only one kind of 
vesicle is found, and this is the same as is 
seen in normal and control material. They 
are 300-1,000 A in size and have a smooth 
single membrane. In the pigment epi- 
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thelium of man, two types of vesicles ap- 
pear after acetazolamide. One is similar to 
that found in rabbits. The other type, and 
this is the majority, is larger and rather 
irregular in shape. It is limited by a single 
membrane, which in many instances has 
small dark granules attached to it. This 
suggests that these particular vesicles are 
derived from the ea-cytomembranes. 

In the rabbit, the number of vesicles de- 
creases with time after treatment with 
acetazolamide (Chart 3). By one hour after 
the injection of acetazolamide, the frequency 
of vesicles is almost the same as in the con- 
trols. As only one patient has been studied 
after acetazolamide so far, there is no data 
of the changes in frequency of vesicles in 
human material. 

A striking feature about the vesicles in 
rabbits is the fact that close to the cell sur- 
face of the nonpigmented cells they are 
arranged in parallel rows or concentric 
circles (Figs. 30-32). As has been men- 
tioned above, this particular arrangement 
of the vesicles has been observed oc- 
casionally in normal material. The acetazola- 


DIAMOX 
o—e DIAZIL 
3.0- 


FREQUENCY 
Nn 
° 


i 


30 60 90 


120 


MINUTES 


Chart 3.—Frequency of vesicles in the cytoplasm 
of the nonpigmented epithelium after intravenous 
administration of acetazolamide (Diamox) and 
Diazil to the rabbit. Reproduced from Holmberg, 
A.: Thesis, Stockholm, 1957. 
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mide-treated animals however, show this 
regular arrangement much more frequently. 
Futhermore, it can be seen even in animals 
treated for longer periods (two hours) in 
which the frequency of vesicles elsewhere 
in the cells is about normal. 

The regular arrangement of the vesicles 
close to the cell surface suggests that there 
may exist some relationship between the 
vesicles and the f-cytomembranes, a fact 
which will be discussed later. It should be 
mentioned, however, that the number of 
B-cytomembranes is roughly the same in 
acetazolamide-treated animals as in normals 
and controls. 

In the human material treated with 
acetazolamide no particular arrangement of 
the vesicles has beer observed. They are 
encountered all over the cell in equal num- 
ber, and the B-cytomembranes seem to be 
as frequent as in normal material. 

Finally it must be reemphasized that all 
changes described after treatment with 
acetazolamide are limited entirely to the 
nonpigmented epithelium in rabbits and en- 
tirely to the pigment epithelium in man. 
No changes whatsoever have been observed 
in the pigment epithelium of rabbits or the 
nonpigmented epithelium of man. 


F. Comment 


Physiologic concepts of ‘the aqueous 
humor and its formation have considered 
the tissue separating the blood from the 
posterior chamber as a single membrane. 
Unfortunately the anatomical basis for 
aqueous humor production is not that 
simple. As has been shown in this investiga- 
tion, the ciliary processes have a complex 
structure with several layers of different 
kinds of tissue. Besides the two layers of 
epithelial cells there exist two limiting mem- 
branes which, at least in human eyes, reach 
considerable thickness. Further, there is a 
capillary wall with a basement membrane, 
and finally there is a layer of connective 
tissue. 

B-Cytomembranes.—Most characteristic 
features of the ciliary epithelium are the 
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B-cytomembranes (Hclmberg, 1955, 1956, 
1957; Pease, 1956; Pappas and Smelser, 
1958). It is interesting to note that f- 
cytomembranes are present both at the place 
where fluid is supposed to enter a cell, that 
is, at the basal part of the pigment epi- 
thelium, as well as at the site where fluid 
leaves the cell, that is, at the apical part of 
the nonpigmented epithelium. It is further 
interesting to observe that at both places 
there is a membrane or a layer of material 
outside the cell membrane which the fluid 
has to pass before it can reach the cell (pig- 
ment epithelium) or leave the ciliary body 
(nonpigmented epithelium). 
8-Cytomembranes are not unique for the 
ciliary epithelium, but are found in several 
other cells, such as the renal tubular cells 
(Rhodin, 1954), choroid plexus (Pease, 
1956), some salivary glands (Pease, 1956), 
thyroid gland (Ekholm and Sjéstrand, 
1957), and the pigment epithelium of the 
retina (Garron, unpublished). All these 


cells have in common the transport of fluid 


and ions in one or the other direction in 
relation to the blood. It is therefore be- 
lieved B-cytomembranes are involved in the 
mechanism of this transport. Further sup- 
port for this assumption is the fact that in 
young rabbits, in which secretion of aqueous 
humor has not yet started, one finds no 
membranes in the nonpigmented epithelium. 

The possible role of the B-cytomembranes 
in the process of aqueous humor formation 
is a matter of speculation. They provide a 
mechanism by which the cell surface is in- 
creased. The f-cytomembranes in both 
epithelial cells may also be a site in which 
is localized enzymatic activity necessary for 
transport of substances across the cell mem- 
brane. This assumption is based on the 
fact that the B-cytomembranes are highly 
organized structures, resembling the mito- 
chondria with their known high enzymatic 
activity. 

The f-cytomembranes can be formed in 
two ways. They can be formed either by 
downgrowth of the cell membrane or by 
fusion of the small vesicles which are 
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present in the cytoplasm. From a static 
picture it is impossible to decide. The fact, 
however, that in young rabbits one hardly 
finds any 8-cytomembranes in the nonpig- 
mented epithelium but instead groups of 
vesicles arranged in rows close to the cell 
surface suggests that the 8-cytomembranes 
are formed by fusion of these vesicles. 

In connection with the B-cytomembranes 
it might be pertinent to discuss some of 
the findings after treatment with acetazola- 
mide. Pappas and Smelser (1958) explain 
the accumulation of the vesicles, and es- 
pecially these which are regularly arranged 
in rows beneath the cell membrane, as a 
result of a breakdown of the 8-cytomem- 
branes. Several facts do not support this 
explanation, however. If one assumes that 
the B-cytomembranes have similar function 
in both epithelia, it is difficult to understand 
why the membranes in the pigment epi- 
thelium are not affected by acetazolamide. 
Futhermore, it is not uncommon to observe 
vesicles in the same arrangement in normal 
eyes in the presence of 8-cytomembranes. 
In young rabbits one only finds vesicles 
and rarely membranes. Finally, a rough 
estimation of the number of #-cytomem- 
branes in  acetazolamide-treated rabbits 
does not show any significant difference as 
compared with the controls or the normal 
animals. Instead of being a sign of a break- 
down of the B-cytomembranes, the presence 
of vesicles in a regular arrangement at the 
cell surface may be a sign of the formation 
of the B-cytomembranes by confluence of 
the vesicles. 

a-Cytomembranes.—The cell component 
named a-cytomembranes (Sjéstrand, 1956) 
is identical with the endoplasmic reticulum 
and ergastoplasm. 

This particular structure appears signifi- 
cant for the cells of some excretory glands, 
such as pancreas and the salivary glands. 
The a-cytomembranes in these cells may be 
involved in the synthesis of the proteins in 
the secretory product. 

There is no abundance of a-cytomem- 
branes in the ciliary epithelium, although 
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there is a difference in the number between 
the two layers. As no protein is present in 
the aqueous humor, their role may be 
limited to the synthesis of protein for the 
cell itself. From this point of view it is 
interesting to find a high amount of 
a-cytomembranes in young animals in both 
layers. The fact, however, that in human 
eyes the a-cytomembranes in the pigment 
epithelium seem to be influenced by 
acetazolamide may suggest that they are in- 
volved in some way in the formation of 
aqueous humor. 

In human material, the vesicles, seen in 
the pigment epithelium after acetazolamide 
treatment, often have granules attached to 
their membranes. Therefore, they are 
probably derived from the a-cytomembranes. 
In the rabbit nonpigmented epithelium, how- 
ever, where an enormous accumulation of 
vesicles occur after the same treatment, all 
vesicles have a smooth membrane. Granules 
have not been observed attached to the 
membrane surrounding the rabbit vesicles. 
Therefore, there are no morphological 
proofs that these vesicles are derived from 
the a-cytomembranes. Furthermore, the 
number of a-cytomembranes seems to be 
the same in acetazolamide-treated animals 
as in control and normal animals. 

Golgi Apparatus——In composition the 
Golgi apparatus in both ciliary epithelia has 
a very close resemblance to the Golgi ap- 
paratus in the proximal tubular cells of the 
kidney (Rhodin, 1954). It differs, how- 
ever, from that of the excretory cells in 
the pancreas, where the small units, seen 
around the membrane system, are granules 
instead of vesicles (Sjéstrand and Hanzon, 
1954). Because of the close relation to the 
membranes it has been assumed that the 
small units which appear as granules or 
vesicles are derived from the membranes. 
Evidence for this assumption may be de- 
rived from the effect of acetazolamide, 
which causes a decrease of the length of 
the membranes at the same time as it in- 
creases the number of vesicles. 

The Golgi apparatus is believed to be 
connected to the secretory process of the 
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cell. This is supported by the fact that 
acetazolamide alters the morphology of the 
Golgi apparatus. Another interesting finding 
from the same point of view is the location 
of the Golgi apparatus in the two layers in 
relation to each other. As has been de- 
scribed, they lie very close together. 
Topographically this could be explained 
from an embryological standpoint, the Golgi 
apparatus actually being located in both 
layers in the apical part of the cell. 
Mitochondria.—In all tissues investigated 
with electron microscopy so far, the mito- 
chondria are principly built in the same 
way. They are always surrounded by a 
triple-layered membrane, and in the homog- 
enous matrix one finds several triple- 


layered parallel membranes. It is reasonable 
to believe that this particular arrangement 
provides some anatomical basis for the 
enzymatic activity. 


In the ciliary epithelium it is interesting 
to note thet after treatment with acetazola- 
mide there is an increase in the thickness 
of the mitochondria. This observation, 
however, is limited to that cell layer where 
other changes are seen after the same treat- 
ment, that is, the rabbit nonpigmented epi- 
thelium and the human pigment epithelium. 

Granules.—Different types of pigment 
granules in the human ciliary epithelium 
have been described earlier (spherical, egg- 
shaped, and giant granules) by Binder and 
Orth (1953). Sebruyns (1951) found that 
the individual granule in the human retina 
was composed of very small units. These 
observations were made on isolated granules 
in both cases. These findings have been 
confirmed in observations on_ sectioned 
material. Contrary to Sebruyns, however, 
no fibrils attached to the granules have been 
seen. 

It is of interest that in albino animals one 
finds in the pigment epithelium homogenous 
granules, which in some instances contains 
dark grains. It seems reasonable to con- 
sider these granules as equivalent to the pig- 
ment granules in the pigmented animals. 
In support of this assumption is the fact 
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that in pigmented animals one can follow 
series of granules from a stage where no 
pigment is present through stages with an 
increasing amount of pigment to the com- 
pletely developed granule. 

Ground Substance.—In the ground sub- 
stance of both normal epithelia of all three 
species there are a certain number of small 
vesicles. They are encountered in all parts 
of the cell and are identical morphologically 
with the vesicles seen in the Golgi ap- 
paratus, 

The regular arrangement of the vesicles, 
which is observed near the cell surface in 
both normal and  acetazolamide-treated 
material is striking and suggestive of a 
relationship between the vesicles and the 
8-cytomembranes. The same phenomenon 
occurs in the tubular cells of the kidney 
but has been interpreted as perforations of 
the f-cytomembranes (Bargmann, et al., 
1955; Berkaloff, 1959). This is not the case 
in the ciliary epithelium as is evident from 
analysis of serial sections. In the kidney it 
has also been interpreted as a variation in 
the function of the cell (Berkaloff, 1959), 
and this is of interest in view of the effect 
of acetazolamide upon the ciliary epithelium. 

From a static picture it is impossible to 
determine the exact relationship between 
the vesicles and the B-cytomembranes, How- 
ever, as has been mentioned previously, 
there are several evidences which favor the 
assumption that the vesicles form the B- 
cytomembranes by fusion. 

The remarkable accumulation of the 
vesicles present in normal material after 
early stages of acetazolamide treatment is 
correlated in both species to the period when 
the intraocular tension is falling. When 
the tension is stabilized on a low level and 
when one can assume that the secretion of 
aqueous humor has reached a new steady 
state, the frequency of vesicles has dimin- 
ished to almost normal. Further, after 
acetazolamide treatment one more often sees 
vesicles arranged in rows near the cell sur- 
face. All these observations suggest that 
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the vesicles are involved in the secretory 
process. 

Finally, it should be noted that the con- 
trol animals showed no changes of ultra- 
structure as compared with the normal. 


G. Conclusion 

A detailed analysis of the ciliary epi- 
thelium has revealed a complex structure, 
which is essentially the same in all three 
species examined. As similar structures 
have been observed in other cells, where a 
transport of fluid and ions takes place 
across the cell, one may conclude that they 
are of importance for this process. From 
the same standpoint it is of interest to find 
exactly the same structure, where fluid 
enters and where it leaves the epithelium. 

Acetazolamide (Diamox) affects the 
morphology remarkably, but when in- 
terpreting the findings in relation to the 
functional changes one must consider pos- 
sible nonspecific effects. It is conceivable 
that lowering of intraocular tension in it- 
self would produce the changes observed. 
In that case, however, one would expect to 
find the same alterations in both epithelia 
and one would expect the changes to re- 
main as long as the tension is kept on a low 
level. Finally, in an attempt to inhibit the 
secretion of aqueous humor by increasing 
the intraocular tension, Pappas and Smelser 
(1958) obtained exactly the same mor- 
phological picture as after acetazolamide 
treatment. Thus it seems highly unlikely 
that variation in tension would have any in- 
fluence on the morphology. 

Another fact to consider and probably the 
most difficult one to control is pH in the 
cell. An alteration of pH can possibly ac- 
count for all changes seen. To my knowl- 
edge, there are no reports about the effect 
of pH on the ultrastructure in the living 
cell. However, there are experiments done 
(Rhodin, 1954; Zetterqvist, 1956) which 
show that a variation of pH of the fixation 
solution within wide ranges does not alter 
the ultrastructure to any appreciable degree. 
It must also be emphasized that the changes 
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in the mitochondrial width persist through 
all experiments, whereas the number of 
vesicles in the cytoplasm and Golgi ap- 
paratus decreases very rapidly when the 
time of acetazolamide treatment increases. 
Therefore, one is justified in assuming that 
pH per se does not have any influence of 
importance upon the morphological picture. 

From the discussion above it is reasonable 
to conclude that the decrease of secretion 
of aqueous humor, induced by acetazola- 
mide, is a result of a change of the an- 
atomical structure. 

The most impressive finding in the 
acetazolamide experiments is the enormous 
increase in the number of small vesicles, 
present in normal material. This observa- 
tion is made only in the early stages of 
acetazolamide treatment, which means it is 
related to the time when the inhibition of 
the secretion has just started. The close 
relationship between the accumulation of 
vesicles and the decrease in aqueous output 
suggests that the vesicles carry aqueous. 
This leads to the conclusion that the process 
involved in the secretion of aqueous humor 
would also include a phenomenon called 
pinocytosis. This phenomenon is known to 
occur in living cells (Lewis, 1933), al- 
though it has never been thought of as a 
mechanism in secretory activity. However, 
from a static picture it is impossible to de- 
cide whether or in what direction the 
vesicles are moving. 

The assumption that the vesicles carry 
aqueous to the cell surface also means that 
aqueous is formed into the vesicles across 
the membrane which surrounds them. 
Therefore one can consider the formation 
of aqueous humor as an intracellular proc- 
ess and not as a process which only takes 
place at the border between the epithelium 
and the posterior chamber, that is, across 
the cell membrane. In other words, the 
aqueous humor is formed before it reaches 
the cell surface. 

The effect of acetazolamide on human 
ciliary epithelium as compared with the 
effect in rabbits is intriguing, but one needs 
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more data before any conclusions can be 
drawn. Although belonging to different cell 
layers, it is of interest, however, that ex- 
actly the same cell components are in- 
volved in both species. The difference of 
the effect of acetazolamide on rabbit and 
human ciliary epithelium may be due to the 
difference in composition between rabbit and 
human aqueous humor. It may also suggest 
that the pigment epithelium plays a more 
direct role in the formation of aqueous 
humor than earlier was assumed. 


H. Summary 


The fine structures of the ciliary epithelia 
of rabbit, monkey, and human eyes are 
described. The different cell components 
are discussed in comparison to other cells 
with similar function. It is found that 
characteristic of all these cells is an 
abundance of B-cytomembranes. 

In an attempt to correlate the mor- 
phological picture with the functional 
activity of the ciliary epithelium, experi- 
ments have been performed with inhibition 
of aqueous humor secretion by acetazola- 
mide (Diamox). These experiments were 
done in adult nephrectomized rabbits and 
in one human eye. Further, the structure 
of the ciliary epithelium has been studied 
in young rabbits, where the secretion of 
aqueous humor has not yet started or has 
just started. The findings obtained in all 
material suggest that at least part of the 
aqueous humor is primarily formed within 
the cells into small vesicles which transport 
the aqueous humor to the cell surface. 

From the results obtained it is possible 
that the human pigment epithelium plays a 
more important role in the production of 
aqueous humor than does the rabbit pig- 
ment epithelium. However, it is necessary 
to examine human eyes at longer time in- 
tervals after acetazolamide treatment before 
definite conclusions can be drawn. 
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The Ultrastructure of the Capillaries in the Ciliary 


Body 


AKE HOLMBERG, M.D., St. Louis 


Introduction 


During the analysis of the fine structure 
of the ciliary epithelium (Holmberg, 1957; 
Holmberg, 1959) in human and rabbit eyes, 
it was observed that the capillaries in the 
stroma are built up in a characteristic way, 
similar to that found in several secretory 
glands. Although the findings are not unique 
for the ciliary body, they add to our knowl- 
edge of the correlation between structure 
and function of the ciliary processes. 


Material and Methods 

In this investigation the same rabbit ma- 
terial has been utilized as was used for the 
analysis of the nonpigmented epithelium. 
All fixation was performed in vivo in 1% 
osmium solution with the animals under 
general anesthesia (pentobarbital [Nembut- 
al] intravenously). After 10-15 minutes 
parts of the ciliary body were cut out and 
fixation was continued for 3-4 hours. 

The human material consists of three 
fresh eyes enucleated because of malignant 
melanoma in the posterior pole. Immediately 
after the enucleation 1% osmium solution 
(Palade, 1952; Sjéstrand, 1953) was in- 
jected into the posterior chamber. After 
about 10-15 minutes parts of the ciliary 
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body were removed for continued fixation 
for 2-3 hours. Both materials were dehy- 
drated in series of ethyl alcohols and em- 
bedded in methacrylate. Sectioning was done 
partly with a Sjéstrand Ultramicrotome, 
and partly with a Porter-Blum microtome 
using glass knives. The sections were exam- 
ined in an RCA Model EMU 2E micro- 
scope. 


Results 


The capillaries of the ciliary processes 
lie very close to the pigment epithelium. In 
rabbits a thin layer of connective tissue 
separates the capillary wall from the epithe- 
lium (Fig. 1). In the human eye there is in 
addition to the connective tissue layer, a 
thick externil limiting membrane (Fig. 2), 
as has been described on page 953 in this 
issue. 

In both species the capillary wall con- 
sists mostly of a single endothelial layer, 
well defined on both sides by a cell mem- 
brane (Fig. 3). Where two adjacent cells 
meet there is usually an overlapping, so 
the wall within these areas is made up 
of two thin endothelial layers, separated 
from each other by a very regular, narrow 
space (Fig. 4). In other places two adjacent 
cells meet end to end with the cell mem- 
branes in close contact with each other 
(Fig. 3). 

The capillary walls are extremely thin 
in most parts. The thickness of the wall 
is about 0.15, but in many regions it is 
thinned out to a layer not more than about 
150 A. wide. Within both areas one finds 
only a homogenous cytoplasmic ground 
substance in which are scattered small vesi- 
cles and. occasionally a mitochondrion 
(Fig. 3). It is only where the nucleus is 
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situated that the capillary wall becomes 
wider. Even at these places it is relatively 
thin, and the nucleus is elongated and flat 
(Fig. 5). Around the nucleus one finds 
a greater amount of cytoplasm with the 
usual cell components, such as mitochondria, 
a-cytomembranes, Golgi apparatus, and 
small vesicles (Fig. 5). On the outside 
surface, that is on the surface towards the 
ciliary stroma, the capillary wall is covered 
_by a basement membrane (Fig. 3), which 
shows the usual characteristics for such 
membranes. Thus it has a comparatively 
low density, and it is ill-defined. The thick- 
ness is about 300 A. and it is separated in 
most places from the endothelial cell mem- 
brane by a thin light space, about 150 A. 
wide. 

From a functional point of view, the 
most important finding in the ciliary capil- 
lary wall is the presence of discontinuities 
or pores in the wall (Figs. 6 and 7). They 
exist in both human and rabbit material 
and are of the same size in both species. 
The size varies from 200 A. to 1200 A. The 
basement membrane on the outside surface 
of the wall continues uninterrupted over the 
pores. Rarely, it has been observed that 
the pores are bridged over by a thin single 
membrane (Fig. 6). As compared to the 
capillaries of some other tissues, the pores 
in the capillaries concerned in this investi- 
gation, seem to have a relatively low fre- 
quency. Thus in 150 different sections 
through the capillary wall of 16 rabbit and 
3 human eyes, only 25 pores have been 
seen. 


Comment 


The ultrastructure of the capillary wall 
in the ciliary processes is by no means 
unique. In some secretory glands such as 
thyroid (Monroe, 1952; Ekholm, 1957), 


adrenal cortex (Zelander, 1957), and 
parathyroid (Trier, 1958), the capillary 
wall is extremely thin with discontinuities 
about 400 A. wide. Thus, these display 
much the same characteristics as the ciliary 
body capillaries, although in the latter the 
pores seem to be less frequent. Concerning 
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capillaries, the most excellent example of a 
highly specialized ultrastructure is found 
in the kidney glomeruli (Rhodin, 1955; 
Moore et al., 1957). Here the capillary wall 
is very markedly and regularly fenestrated 
by pores with an average size of 0.05p- 
0.1% (Rhodin, 1955). Differing from the 
capillaries mentioned so far are those in 
the lung (Bargmann et al., 1956, Schultz 
et al., 1957; Woodside et al., 1958) and 
the pituitary (Bargmann et al., 1957), 
which have no pores, even though their 
walls are very thin. The capillary walls in 
heart and skeleton muscles also lack pores 
(Moore et al., 1958). 


The significance of a fenestrated capil- 
lary wall has been demonstrated best in the 
glomeruli. By examining different species, 
Hall (1957) has shown that the filtration 
rate through the glomeruli cu ates with 
the grade of fenestration of the capillary 
wall. Thus, for instance, the filtration rate 
is about 100 times higher in the glomeruli, 
as compared with muscles. Therefore it 
seems reasonable to believe that the pores 
account for the fluid transport through the 
capillary wall. The small vesicles seen in 
the cytoplasm are probably without much 
importance in this respect, at least in capil- 
laries provided with pores. 

The presence of pores in the ciliary capil- 
laries suggests that the capillary wall does 
not constitute a barrier for fluid trans- 
port. It also indicates that in the ciliary 
processes there is likely a comparatively 
high filtration from the blood to the ciliary 
stroma and epithelium. 


Summary 


The ultrastructure of the capillary walls 
in the ciliary processes of human and rabbit 
eyes is described. As in some other tissue 
capillaries, the wall is extremely thin and 
provided with pores, 200 A. to 1200 A. 
wide. Both species examined display the 
same features. The role of the pores in 
relation to fluid exchange between blood 
and the surroundings is discussed, and it 
is suggested that the capillary wall in the 
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ciliary processes probably does not form 
a barrier between blood and aqueous. 
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Differences in Ultrastructure of Normal Human and 
Rabbit Ciliary Epithelium 


AKE HOLMBERG, M.D., St. Louis 


Introduction 


In a previous investigation (Holmberg, 
1957), an extensive analysis of the ultra- 
structure of the nonpigmented epithelium 
in rabbit eyes was carried out. The ma- 
terial included both the normal structure 
and changes in the structure after inhibition 
of the secretion of aqueous humor by 
acetazolamide (Diamox). In order to find 
out the effect of acetazolamide on the struc- 
ture of human ciliary epithelium, an an- 
alysis of the normal ultrastructure of this 
epithelium has been started. As_ there 
proved to be remarkable differences as com- 
pared to the rabbit material, a preliminary 
report of these differences seems to be 
justified. 


Material and Methods 


So far three enucleated human eyes have 
been examined. The eyes were enucleated 
because of a malignant melanoma in the 
posterior pole. No clinical signs of altered 
secretion of aqueous humor could be de- 
tected. The operations were performed 
under local anesthesia (retrobulbar injec- 
tion of Xylocaine). Immediately after the 
enucleation 1% osmium tetroxide solution 
(Palade, 1952; Sjéstrand, 1953) was in- 


The illustrations for this article will be found 
in the special section of illustrations, pp. 1037 
to 1046. 
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jected into the posterior chamber. After 
fixation in situ for about 15 minutes, parts 
of the ciliary body were removed and fixed 
for another 2-3 hours. Embedding was 
done in methacrylate according to Newman 
and Borysko (1949). Sectioning was per- 
formed on a Porter-Blum microtome using 
glass knives. The sections were examined 
in an RCA Model EMU 2E electron micro- 


scope. 


Results 

The most striking differences in the 
ultrastructure between human and _ rabbit 
ciliary epithelium are first the appearance 
and extension of the internal and external 
limiting membranes, and second the struc- 
ture and frequency of granules in the non- 
pigmented epithelium. 

The Internal Limiting Membrane.—In 
rabbits the internal limiting membrane con- 
sists of a rather ill-defined membrane of 
comparatively low contrast (Fig. 1). The 
thickness of this membrane varies between 
290 A. and 370 A. (Holmberg, 1957) and 
it is separated from the cell membrane by 
a light space, 400 A. to 700 A. wide. 

The corresponding membrane in the 
human eye consists of a meshwork of 
anastomosing osmiophilic bands bordering 
areas of different sizes and shapes (Fig. 
2). The meshwork occupies a region out- 
side the cell membrane varying in thickness 
between 0.3 to 3.6u. The individual band 
in the meshwork has a rather low contrast 
and lacks a definite border line. Each band 
is between 250 A. to 500 A. wide and 
seems to be quite homogenous. No striation 
or periodicity has been observed. The 
meshes formed by the osmiophilic bands 
vary in size from 0.37y to 1.1p. The shape 
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is mostly oval, but circular, triangular, or 
quite irregular meshes have been encoun- 
tered. They appear to be electron optically 
empty, but occasionally meshes are observed 
filled with a homogenous, structureless 
material (Figs. 2 and 4). 


As has been mentioned above, the thick- 
ness of the internal limiting membrane in 
human eyes varies considerably. In some 
limited areas it is reduced to a single mem- 
brane (Fig. 5) similar to the condition in 
the rabbit eye. However, the meshwork is 
constantly found within all the indenta- 
tions between adjacent cells (Fig. 6). The 
posterior chamber side of the meshwork is 
outlined by a continuous membrane, 500 A. 
to 700 A. thick (Figs. 2 and 4). This mem- 
brane in itself is however somewhat diffuse 
and shows the same grade of contrast as 
the osmiophilic bands in the meshwork. 

There are frequent anastomosis between 
| the membrane and the meshwork. 


The External Limiting Membrane.—The 
appearance of the external limiting mem- 
brane in the rabbits is that of a usual 
basement membrane with its characteristics 
(Figs. 7 and 8). Thus, it is not sharply 
limited and the contrast is low. No struc- 
ture has been observed in the membrane 
and it seems homogenous. The thickness 
varies between 190 A. and 300 A. In most 
places it is separated from the cell mem- 
brane of the pigmented cells by a light 
space, 120 A. to 360 A. wide. In some 
regions, however, there is no such space, 
and the external limiting membrane lies 
in close contact with the cell membrane. In 
general, the basal surface of the pigmented 
cells is smooth, but now and then longer 
or smaller cytoplasmic extensions are seen 
making the cell surface irregular. The ex- 
ternal limiting membrane follows the ir- 
regularities very closely. 

In human eyes the anatomical conditions 
are quite different. Instead of a thin base- 
ment membrane, the external limiting mem- 
brane occupies a tremendously large space, 
varying in thickness from 1.54 to 4.0p 
(Fig. 9). The layer is homogeneous and 
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even in thin sections with highest possible 
resolution, it has been impossible to reveal 
any distinct structures. It always lies in 
close contact with the cell membrane of the 
pigmented epithelium. No light space has 
been observed as in the rabbit. The border 
to the ciliary stroma is sharp, but a special 
limiting membrane is not present. In some 
areas, all of the spaces between the pig- 
mented cells and the capillaries in the 
stroma are occupied by this homogenous 
structureless material. In other instances, 
a thin layer of stroma is present between 
them (Fig. 9). 

The basal surface of the pigmented epi- 
thelium is very irregular with a large num- 
ber of cytoplasmic extensions, which reach 
deep down in the “basement membrane.” 
Within this layer, large groups of cyto- 
plasmic islands have been observed (Figs. 
9 and 10). 


Granules in the Nonpigmented E pithe- 
lium.—tIn a previous report (Holmberg, _ 
1957), granules have been described in the 
nonpigmented epithelium in the rabbit. - 
These granules are located for the most 
part toward the basal regions of the cells. 
They always appear singly and contain 
clusters of fine dark grains. In human 
material there are an abundance of gran- 
ules, but they show a completely different 
structure (Fig. 11). Almost without ex- 
ceptions, the granules are in aggregates. 
In each section through a cell 10 to 15 
such aggregates have been counted with up 
to 10 granules in each aggregate. In most 
cases the individual granule has an oval 
form with the size varying from 0.7p by 
0.03 to 0.65; vy 0.43n. They do not show 
any specific inner structure, but appear 
completely homogenous with pronounced 
osmiophilia. Occasionally, vacuolization of 
the granules has been observed with one 
or more central vacuoles. 


Comment 


In light microscopy, the limiting mem- 
branes are described as a continuous mem- 
brane covering the ciliary epithelium in all 
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its extensions (Saltzmann, 1912). Due to 
the comparatively limited resolving power 
of the light microscopy, it seems obvious 
that the cell membranes are included in the 
names internal and external limiting mem- 
branes. As has been shown in this investi- 
gation, however, it is clear that these 
membranes are definite entities, easily dis- 
tinguished from the cell membranes. 


On the whole both limiting membranes in 
the rabbits demonstrate the same character- 
istics. They are of the same size, have the 
same grade of contrast, and lack special 
structure. That is, they have the same 
appearance as a regular basement mem- 
brane. It is remarkable that in human 
material the same membranes not only 
differ in thickness and structure when com- 
pared with the rabbit, but also that they are 
completely different from each other. 

The presence of membranes lining both 
surfaces of the epithelium is explained 
from an embryologic point of view, but 
the compositions of the membranes seem 
to be unique for the ciliary body, partic- 
ularly human ciliary body. 

What is seen as a meshwork in osmium 
fixed and methacrylate embedded material 
is with great probability only a part of the 
true composition of the internal limiting 
membrane in the living eye. The outlined 
areas with a homogenous material in the 
meshes suggest that some in vivo sub- 
stances may have been dissolved during the 
fixation and dehydration. 

With special staining technics, it has 
been suggested (Graumann and Rohen, 
1958; Cibis an’ Yamashita, in preparation ; 
Zimmerman, personal communication) that 
the internal limiting membrane in the hu- 
man eye consists of mucopolysaccharides or 
similarly staining material. These may be 
dissolved completely or partly during the 
fixation procedure. It is possible that the 
homogenous material, which in the electron 
microscope is seen to occupy some meshes 
represents mucopolysaccharides. The osmi- 
ophilic bands in the meshwork on the other 
hand are probably proteins or material with 
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a protein component and are most resistant 
to the fixation procedure. 

The internal limiting membrane is in- 
teresting from several points of view. One 
of these is the relationship between the 
membrane and the zonules. Pappas and 
Smelser (1958) have reported that the 
zonules in rabbits are anchored in the in- 
ternal limiting membrane. 

Another interesting point for speculation 
is the possible role the membrane plays in 
the formation of aqueous humor. A mem- 
brane of the thickness and composition seen 
in human material might influence the 
transport of various substances passing 
through it. 

While the external limiting membrane in 
the rabbit is a regular basement membrane, 
well known from other tissues, it is very 
surprising to find in the human eyes that 
the corresponding membrane reaches a 
thickness of several microns. Another point 
is that in human material there is no light 
space separating it from the cell membrane, 
as has been described for almost every 
tissue examined (Ottoson et al., 1953; 
Sjéstrand and Rhodin, 1953; Rhodin, 1954; 
Bargmann, 1955; Zetterqvist, 1956, and 
others). In rabbit ciliary epithelium the 
light space also does not always exist. 
These findings in human and rabbit mate- 
rial may indicate that the light space seen 
by so many observers actually is an artifact 
caused by shrinkage of the basement mem- 
brane during the fixation and dehydration. 
Hall (1957) has shown that the basement 
membranes in the glomeruli are in close 
contact with the cell membranes, and no 
light space (Rhodin, 1955 and others) ex- 
ists in well fixed material. 

The irregularity of the basal surface of 
the pigmented cells, most pronounced in 
human material, with long extensions deep 
into the external limiting membrane, in- 
creases the cell surface. This may be of 
great importance for the resorption of fluid 
by the cells. 

With histochemical methods it has been 
shown (Graumann and Rohen, 1958; Cibis 
and Yamashita, in preparation) that the 
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external limiting membrane is periodic 
acid-Schiff (PAS) positive and presumably 
contains neutral mucopolysaccharides. 

What role the external limiting mem- 
brane plays in the transportation of fluid 
from the blood capillaries to the epithelixm 
is unknown. 


Summary 

Some remarkable differences in the ultra- 
structure between human and rabbit ciliary 
epithelium are described and discussed. The 
internal and external limiting membranes, 
which in rabbits show up as very thin 
membranes, appear as layers up to 4p thick 
in human material. 
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The Fine Structure of the Inner Wall of Schlemm’s 


Canal 


AKE HOLMBERG, M.D., St. Lovis 


Many aspects of the anatomy and his- 
tology of the normal trabecular meshwork 
are comparatively well known from light 
microscopy. Unsolved problems exist, how- 
ever, such as the exact structure of the 
outermost layer of the meshwork and 
the existence of extracellular material in 
the intertrabecular spaces. This preliminary 
report considers these two problems, and 
indicates the potentialities of electron mi- 
croscopy for assessing the detailed struc- 
ture and topography of the trabecular 
meshwork. 


Material and Methods 


The material used in this investigation 
consists of three human and four monkey 


eyes. The human eyes were enucleated 
because of malignant melanoma of the pos- 
terior pole. In no cases were there any 
clinical signs of impaired outflow. All hu- 
man material was fixed within 1-2 minutes 
after enucleation, and the monkey eyes 
were fixed in vivo before enucleation. The 
fixation procedure was the same, which is 
routinely used for electron microscopy. 
Sectioning was performed on a Porter- 
Blum microtome, and the sections were 


The illustrations for this article will be found 
in special section of illustrations, pp. 1047 to 
1056. 
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examined in an RCA Model EMU 2E 
electron microscope. 

All the material presented in this report 
has been cut in the anterior-posterior di- 
rection. 


Results 


In general, the inner wall of Schlemm’s 
canal is composed of two endothelial lin- 
ings, one facing Schlemm’s canal and one 
facing the intertrabecular spaces (Figs. 1 
and 2). The two linings belong in most 
instances to different endothelial cells and 
only occasionally it has been observed that 
they are formed by one cell. Between the 
linings there is a narrow space, usually less 
than lp» in width. In the anterior-posterior 
cutting direction used, it can be traced for 
long distances. In the space there is often 
encountered a homogenous material, the 
characteristics of which will be discussed 
below. An important finding is that the 
space is not closed, but has free communi- 
cation with the underlying intertrabecular 
spaces (Fig. 2). 

The endothelial cells which form the lin- 
ing next to Schlemm’s canal seem to be 
very specialized, and rather frequently dis- 
play large spaces. On individual sections 
these appear as closed vacuoles (Figs. 1, 2, 
and 3), usually oval in shape, and with 
sizes in the range 0.5y-1.0uX1.0y-3.Ou. 
However, a thorough analysis reveals that 
these “vacuoles” actually represent channels 
through the cells with communications both 
to the underlying space and to Schlemm’s 
canal. Figure 4 is an individual section 
showing a large opening from the “vac- 
uole” to the space underneath, which in 
turn has communication with the intertra- 
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becular spaces (Fig. 2). Figures 5-9 rep- 
resent serial sections through several 
“vacuoles” definitely showing that there 
exist openings through the inner wall of 
Schlemm’s canal. Not enough material has 
been collected yet to determine the fre- 
quency and size distribution of these open- 
ings or pores, but the size of those seen 
so far is of a magnitude of 0.5h to 1.5p. 
The endothelium forming the other lining 
and the endothelium covering the individual 
trabecula do not display any “vacuoles.” 

The other problem considered in this 
study was the presence of an extracellular 
material in the intertrabecular spaces. Very 
regularly one sees in the space nearest to 
Schlemm’s canal a homogenous material 
(Fig. 2) which might be identical with that 
which stains metachromatically ( Brini, 
1956, Vrabec, 1957) and with Alcian blue 
or colloidal iron (Zimmerman, 1957, Cibis 
and Yamashita, in preparation). 


If saccharated iron oxide is. injected into 
the anterior chamber of monkey eyes and 


left there for about 15 minutes, one finds 
that the iron particles are localized exclu- 
sively within those areas where the homog- 
enous material is present (Fig. 10). The 
iron has never been found intracellularly 
or in regions where no homogenous sub- 
stance is visible. In other experiments 
hyaluronidase from beef testis (Wydase) 
in concentrations of 150 TRU to 600 TRU 
per ml. was perfused through the anterior 
chamber in monkey eyes for about one-half 
hour and followed by injection of iron. 
Unfortunately, the hyaluronidase used pro- 
duced much distortion of the normal rela- 
tionship between the different trabecular 
structures. This made it impossible to 
evaluate the effect of hyaluronidase upon 
the homogenous intertrabecular material. 


Comment 


From perfusion experiments using sus- 
pension of particles of different sizes 
(Huggert, 1955; Huggert et al., 1955; Karg 
et al., 1959) and from microradiographic 
studies (Francois et al., 1955), it appeared 
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likely that there must exist direct communi- 
cations between the anterior chamber and 
Schlemm’s canal. Using data from entirely 
different kinds of experiments (Huggert 
et al., 1955; Barany et al., 1953; Barany, 
1954; Barany et al., 1955; Barany, 1956, 
and Huggert, personal communication), 
Barany has recently made a theoretical cal- 
culation, showing that the pathways should 
have a size between and 1.0p. 


Using regular light microscopy several 
investigators (Theobald, 1934, 1955; Ash- 
ton et al., 1956; Flocks, 1956; Unger, 1957; 
Rohen and Unger, 1957, and Speakman, 
1959) have demonstrated that the intertra- 
becular spaces communicate with each other 
forming direct comparatively large path- 
ways from the anterior chamber to the 
inner wall of Schlemm’s canal. But analyz- 
ing this last part of the trabecular mesh- 
work has met with great difficulties, due 
to the limited resolving power of the light 
microscope. Although some authors (Theo- 
bald, 1955; Ashton et al., 1956; Rohen and 
Unger, 1957, and Speakman, 1959) have 
demonstrated openings in the inner wall 
with sizes of the magnitude of 10y, others 
(Flocks, 1956) believe that these are arti- 
facts. The pathways are unlikely to be of 
that size according to Barany’s calculations. 
Furthermore, McEwen’s (1958)  calcula- 
tions show that one single channel of 12 
is sufficient to account for the facility of 
carrying all the fluid from the anterior 
chamber to Schlemm’s canal. 


Even with the electron microscope, Gar- 
ron et al. (1958) were unable to detect 
openings in the inner wall of Schlemm’s 
canal, although they did not deny their 
existence. 


By a thorough study of serial sections, 
however, it has been possible in this inves- 
tigation to visualize the open pathways 
between the intertrabecular spaces and 
Schlemm’s canal in both monkey and hu- 
man eyes. It is of considerable interest that 
these pathways, contrary to those seen in 
light microscopy, are the size predicted by 
theoretical calculations. 
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The homogenous material found in the 
spaces beneath the inner wall of Schlemm’s 
canal might very well be some form of 
mucopolysaccharide, such as that stained by 
Alcian blue or colloidal iron and removed 
by testicular hyaluronidase (Zimmerman, 
1957 ; Cibis and Yamashita, in preparation). 
The fact that in the experiments with in- 
jection of colloidal iron in vivo the iron 
particles are found only within areas where 
this material is present may indicate that 
the material has an affinity for iron. How- 
ever, before one concludes that it represents 
some form of mucopolysaccharide, it will 
be necessary to prove that the iron particles 
are not merely he)! in this material me- 
chanically. 

A detailed discussion of the ultrastruc- 
ture of the trabecular meshwork will be 
presented in a forthcoming publication. 


Summary 

Open communications between the inter- 
trabecular spaces and Schlemm’s canal 
through the inner wall of Schlemm’s canal 
have been demonstrated by electron micros- 
copy. The pathways have a size in the 
range of 0.5y-1.5y. 

In the intertrabecular spaces, one finds 
a homogenous material, which takes up 
colloidal iron, suggesting the possibility of 
its being some kind of acid mucopolysac- 
charide. 
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Studies on the Ciliary Epithelium and the Zonule 


II. Electron and Fluorescence Microscope Observations on the Function of 


Membrane Elaborations 


GEORGE D. PAPPAS, Ph.D.; GEORGE K. SMELSER, Ph.D., and PHILIP W. BRANDT, M.S., New York 


The two layers of cells forming the epi- 
thelium of the processes of the ciliary body 
are characterized by extensive elaborations 
of their membranes. The elaboration of 
the membranes of the cell layer facing the 
posterior chamber is of two types: (a) 
infoldings of the free surface facing the 
posterior chamber and (6) interdigitations 
of the margins between adjacent cells 
(Pappas and Smelser* and Holmberg ?). 
Similar elaborations of cell membranes 
have been found in cells of other tissues 
engaged in secretion (Pease *). 

It was reported previously that the ex- 
perimental alteration of normal aqueous 
humor secretion by various agents produces 
changes in the fine structure of the cells. 
The most obvious changes noted were an 
increase in the number of vesicles in the 
cytoplasm and the concomitant disappear- 
ance of the infoldings and interdigitations.? 
Thus the loss of the infoldings and inter- 
digitations of the ciliary epithelial cells is 
a morphologic change correlated with the 
disruption of normal aqueous humor secre- 


The illustrations for this article will be found 
in the special section of illustrations, pp. 1057 
to 1066. 
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tion. The changes in the configuration of 
these membranes suggest to us that the 
elaborations are involved in secretory func- 
tion. 

In order to determine the role of the 
membrane elaborations in secretion and 
possible reabsorption of material from the 
posterior chamber, studies were carried out 
to trace the passage of materials from the 
blood through the ciliary epithelium into 
the posterior chamber. 

Sodium fluoresceinate was introduced 
systemically, and its passage through the 
tissue, which was prepared by freeze-dry- 
ing, was followed with the fluorescence 
microscope. The higher resolving power of 
the electron microscope was used to follow 
distribution of the electron-dense particles 
of thorium dioxide which were injected 
either intravenously or directly into the 
posterior chamber, 

In addition, the normal development of 
the surface epithelial cells was studied in 
relation to the appearance of secretory ac- 
tivity. Following is a preliminary report 
of these observations on the structural basis 
of aqueous formation. 


Materials and Methods 

Ciliary processes from adult (2.5-3.0 kg.) 
and newborn to 14-day-old albino rabbits 
were studied. Prior to removal of the eye, 
the rabbits were lightly anesthetized with 
pentobarbital (Nembutal), and dibucaine 
(Nupercaine) was applied topically. 

In order to fix the material for electron 
microscopy, a solution of 1% osmium 
tetroxide in %, M barbital (Veronal)- 
acetate buffer, pH 8.1, was injected directly 
into the posterior chamber of the eye of the 
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anesthetized animal. A keratome incision 
was made at the limbus opposite the injec- 
tion site to relieve pressure during the in- 
jection. After removal of the eye, it was 
rapidly dissected in the fixative. Small 
pieces of the ciliary process were fixed 20 
to 30 minutes. The tissue was subsequently 
dehydrated in alcohol and embedded in a 
mixture of 90% butyl and 10% methyl 
methacrylate and the blocks polymerized 
overnight at 45 C. Thin sections were cut 
on a Porter-Blum microtome, placed on 
carbon-coated grids, and examined with an 
RCA EMU 3C electron microscope. 

In order to study the distribution of the 
water-soluble sodium fluoresceinate in the 
normal ciliary processes, 10 ml. of a 10% 
solution of this dye was injected intrave- 
nously. As soon as fluorescein appeared in 
the aqueous, the animal was anesthetized 
and the eye removed. Small pieces were 
cut from the ciliary process and frozen in 
isopentate at —140 C. The tissue was dried 
and embedded in vacuo in diethylene glycol 
disterate. Sections ly» to 2p thick were cut 
with a glass knife, placed on a slide, spread 
with a drop of xylene, and dried on a 
warming tray. They were mounted in light 
paraffin oil and studied with the phase and 
fluorescence microscopes. 

The following methods were employed 
for altering aqueous flow. Rabbits were 
given an injection intravenously of a solu- 
tion of Shigella endotoxin,* 6 mg. per kilo- 
gram, which produced after some hours 
marked hyperemia of the anterior uvea 
accompanied by an aqueous flare, indicating 
the appearance of serum proteins in the 
aqueous humor. In other preparations, a 
small draining fistula was made at the 
limbus with a keratome and scissors, and 
was kept open by repeatedly removing the 
fibrin which formed in it. 

In order to trace the route taken by 
material from the blood stream to the pos- 
terior chamber or the fate of the material 
present in the posterior chamber, Thoro- 


* Prof. Seymour P. Halbert supplied this prep- 
aration. 
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trast was injected either into the blood 
stream or directly into the posterior cham- 
ber. The minute electron-dense particles of 
thorium dioxide (Thorotrast) allowed these 
pathways to be visualized at high magnifica- 
tions with the electron microscope. Thoro- 
trast (0.1 ml.) (Testagar & Co., Detroit, 
Mich.) was injected into the posterior cham- 
ber or 15 ml. was injected intravenously. 


Results 


Two striking features of the adult epithe- 
lial cells facing the posterior chamber are 
that their free surface is lined with the 
internal limiting membrane which is formed 
by the condensation of zonula fibers and 
that they possess two types of surface mem- 
brane elaborations. Figure 1 shows two 
highly elaborated membranes forming the 
characteristic interdigitated margins be- 
tween two epithelial cells. The intercellular 
space between the interdigitations varies in 
size and is clearly seen in this Figure. Fig- 
ure 2 shows infoldings of the membrane 
at the free surface which faces the pos- 
terior chamber. These infoldings or clefts 
are always present, but their number and 
distribution vary. The internal limiting 
membrane, which lines the surface of the 
epithelial cells, can be seen in both Figures 
1 and 2. 

The ciliary epithelium of the newborn 
rabbit has a much simpler organization of 
the cell membranes than that of the adult. 
The cell has no elaboration of the surface 
membrane into the deep infoldings charac- 
teristic of the adult, nor are the complicated 
interdigitations between cells present (Fig. 
3). The interdigitations were first found 
in animals seven days after birth, at which 
stage they were extremely simple, as seen 
in Figure 4. Well-defined infoldings of 
the surface of the cells did not appear until 
after the 7th day; therefore, it is apparent 
that the membrane elaborations may be 
distinguished with reference to the time at 
which they develop and, with the physio- 
logic activity of the cell and of the ciliary 
process, at different stages of development. 
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After intravenous injection of Thorotrast, 
the lumen of many capillaries in the connec- 
tive tissue of the ciliary processes were 
found to contain the thorium particles, and 
particles were also found in vesicles in the 
endothelial cells. In material fixed at longer 
intervals after the injection, thorium par- 
ticles were found in the connective tissue 
stroma and in membrane-bound vesicles of 
the cytoplasm of connective tissue cells (fi- 
broblasts and macrophages); but even for 
extended periods (one hour) after the in- 
jection, no particles were found in or be- 
tween the ciliary epithelial cells. The 
capillaries of the ciliary process were found 
to be unusually large in diameter and to 
possess very thin walls. In addition to the 
thinness of their walls, they were charac- 
terized by the presence of pores of consid- 
erable magnitude (Figure 5). The very 
thin endothelial walls and pores strongly 
suggest that these capillaries are permeable 
and regularly engaged in rapid transfer 
of material. Similar thin-walled capillaries 
are found in other parts of the body where 
fluid transfer is rapid (Bennett et al.*). 

When thorium dioxide was injected di- 
rectly into the posterior chamber, the tho- 
rium particles were found adhering to the 
internal limiting membrane and, in addition, 
deep in the clefts and infoldings. Figure 6 
is of a preparation fixed 20 minutes after 
the injection of thorium dioxide into the 
posterior chamber. The particles can be 
seen in the infoldings and in vesicles in 
the cytoplasm of these cells. Thorium par- 
ticles were not found in the intercellular 
spaces of the interdigitated cell margins. 

The fact that the thorium particles were 
found in closed membrane-bound struc- 
tures, separate and different in diameter 
from the infoldings, shows that posterior 
chamber material with included particles 
was taken into the cell substance. The for- 
mation of these vesicles resembles the proc- 
ess of pinocytosis. In the process of 
pinocytosis, the substances which become 
internalized are at first concentrated on the 
cell membrane (Brandt ®). 


Pappas et al. 


When Shigella endotoxin was injected 
intravenously, and the in situ eye was ex- 
amined, the blood vessels of the iris, ciliary 
processes, and other eye tissues were di- 
lated. In three to four hours after endo- 
toxin injection the aqueous humor became 
turbid, presumably due to the presence of 
serum proteins. The fine structure of the 
ciliary epithelial tissue, removed from eyes 
in which the aqueous was turbid, was al- 
tered. The infoldings on the free surface 
as well as the interdigitations between these 
cells lining the posterior chamber disap- 
peared, and the cell margins appeared 
smooth. However, ciliary epithelium fixed 
before the aqueous humor became cloudy 
did not show such alterations in fine 
structure. 


Thorium dioxide was injected directly 
into the posterior chamber of the eyes of 
rabbits which had earlier received a sys- 
temic injection of endotoxin. Eyes with 


turbid aqueous humor, as well as eyes in 
which this had not yet occurred, were fixed 


20 minutes after the injection of thorium. 
The thorium dioxide particles were not 
distributed as in normal eyes. In these 
rabbits, the altered distribut’ n of thorium 
dioxide was similar in both eyes with 
turbid and with clear aqueous humor. Ex- 
amination of the ciliary epithelium of these 
eyes showed few thorium particles on the 
internal limiting membrane (Figs. 7 and 8). 
No particles were found in the free surface 
infoldings and none in the cytoplasm. 
Sodium fluoresceinate injected intrave- 
nously into a normal rabbit was clearly 
visible 40 minutes later in the aqueous 
humor, and the eye was excised as de- 
scribed above. Figure 9A is a photomicro- 
graph showing distribution of fluorescein 
in such a normal eye as seen with a fluores- 
cence microscope. Only the apical ends of 
the surface epithelial cells and, to less de- 
gree, the area between the two cell layers 
appear to contain the fluorescein. The basal 


part of the cell appears blue (autofluores- 
cence) and free of the dye. 
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The sections from the eye with a fistulous 
opening show a different pattern ot fluo- 
rescence. After the fistula was made, the 
rabbit was given an injection of sodium 
fluoresceinate. The dye appeared almost 
immediately in the aqueous humor, indicat- 
ing a disruption of the blood aqueous bar- 
rier. The eye was excised five minutes 
after the injection of the fluorescein. Fig- 
ure 9B shows the typical pattern in the 
distribution of fluorescein in such an eye. 
There was no apical fluorescence as seen in 
the normal, but fluorescein appears to out- 
line the cell borders. : 


Comment 


Morphological investigations may reveal 
the structures by which the functions of the 
cells are carried out. Studies with the 
electron microscope permit morphological 
investigations of extremely fine elements 
of cellular structure, with which the data 
of the physiologists may be correlated to 
reach a more complete understanding of the 
behavior of cells. Much information exists 
on the selective transport of materials from 
the blood into the posterior chamber to 
form the aqueous humor (Langham,® 
Kinsey,’ Davson™™*), However, it has 
been necessary to speculate about the 
route by which these materials are moved, as 
well as how considerable quantities of fluid 
are transported. Such data reveal the net re- 
sult of activity taking place between the lu- 
men of large blood vessels and the posterior 
chamber. Palm ® reported that the capillary 
wall was the greatest barrier to sodium in 
the blood-ocular barrier complex. The cap- 
illary in the ciliary process is shown in the 
electron micrograph (Fig. 5). Wislocki 
and Ladman ® described similar thin-walled 
capillaries in the choroid plexus, which have 
a comparable function, to be unusually thin- 
walled and to possess pores. The mode of 
transport of materials from the capillary 
lumen to the connective tissue space, as 
indicated by particulate material, is shown 
to be, at least in part, transendothelial by 
way of vacuoles. The presence of capillary 
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pores has been demonstrated, but their role 
in fluid transport has not been shown. 

The amount of thorium particles which 
penetrated the endothelium is extremely 
variable. Wissig failed to find thorium 
dioxide particles in heart endothelium. Ac- 
cording to Hampton," however, a large 
amount of thorium dioxide is removed from 
the blood plasma by the hepatic cells. It 
thus would appear that thorium dioxide can 
be used in certain systems to limited advan- 
tage in order to visualize physiological 
events in the electron microscope. 

Thorium particles were found in the 
connective tissue spaces of the ciliary 
process, but in no case were they found 
to penetrate into the epithelium of the cil- 
iary body. It may be that they might be 
found to do so in more prolonged experi- 
ments. There are, however, limitations to 
the use of systemically injected thorium— 
it is not in true solution in the blood, and 
it does have toxic side-effects. One of these 
which can be seen in the electron micro- 
graphs is occlusion of some capillaries by 
masses of injected material, presumably 
having been clumped by serum proteins. 

Sodium fluoresceinate, in contrast to 
thorium dioxide, is a small molecule, water- 
soluble, and of very low toxicity. It readily 
penetrates into the posterior chamber after 
its intravenous injection, and its course 
through the ciliary epithelium can be stud- 
ied with the fluorescence microscope. 

In normal ciliary epithelium, fluorescein 
appears as caps on the surface of the cells 
facing the posterior chamber. It is also 
found to less degree in the area between the 
two cell layers. Just how the fluorescein 
becomes localized at these two sites is not 
readily apparent, since there is no fluores- 
cence elsewhere in these two cell layers. 
However, the apical distribution of fluores- 
cein may be due to reabsorption from the 
aqueous, since this pattern is similar to 
that seen in the electron microscope after 
injection of thorium dioxide into the pos- 
terior chamber. 
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In the eye with the open fistula, large 
amounts of fluorescein rapidly appeared in 
the aqueous. Examination of the ciliary 
epithelium in the fluorescence microscope 
shows heavy deposits only in the areas 
between the cells. It seems likely that the 
lack of fluorescent caps on the cells facing 
the posterior chamber results from a dis- 
appearance of the surface infoldings in the 
fistulous eyes.* 

The presence of fluorescein in the area 
between the cells may represent the pathway 
by which a filtrate of blood can reach the 
aqueous. This may be exaggerated and, 
therefore, visualized more readily when the 
blood-aqueous barrier is nonfunctional. 
Earlier investigations utilizing frozen prep- 
arations revealed that fluorescein entered 
the aqueous by way of the posterior cham- 
ber (Seidel,1* Davson ™), but more precise 
localization of the site of entry was not 
possible. Von Sallmann and Dillon ® found 
that T1824, undoubtedly bound to serum 
protein, passed between the cells. In the 


present investigation, the path taken by 


water-soluble fluorescein shows that the 
transport is across the epithelium of the 
ciliary processes, and furthermore it would 
appear that the pathway is essentially be- 
tween the cells rather than through the 
mass of cytoplasm. This observation also 
fits well with the data suggesting an inter- 
cellular pathway for this substance.’ 

It has generally been assumed that aque- 
ous humor is in part elaborated by the 
ciliary epithelial cells and secreted into the 
posterior chamber where it is later modified 
by metabolic interchange with other gross 
structures, such as lens, iris, or cornea.7:™4 
Concepts of secretion of aqueous humor 
have suggested a unidirectional passage of 
materials only from the epithelium into the 
posterior chamber.** Injection of Thoro- 
trast particles into the posterior chamber 
demonstrates that the ciliary epithelium has 
the capacity to ingest material from the pos- 
terior chamber, showing that the posterior 
chamber fluid, once secreted, may be subse- 
quently modified by reabsorption of mate- 
rial from it. 
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When thorium dioxide is injected into 
the posterior chamber, the internal limiting 
membrane lining the surface epithelial cells 
becomes heavily impregnated with thorium 
particles. Two reasons suggest themselves 
which may explain this accumulation of 
thorium. Either the internal limiting mem- 
brane is an adsorption site for thorium or it 
may be that this fibrous membrane? is 
acting as a sieve so that thorium becomes 
trapped in it. If the latter instance is correct, 
it would suggest that there is a flow of fluid 
toward the cells. One factor in the penetra- 
tion of the thorium dioxide particles into the 
infoldings could be diffusion. However, 
physical diffusion could also be expected to 
carry these particles deep into the interdigi- 
tations between the cells where, in fact, they 
are not found. Furthermore, when the func- 
tion of these cells is modified by the injec- 
tion of endotoxins or the creation of an 
anterior chamber fistula, such infoldings 
are not found to contain Thorotrast par- 
ticles. These observations strongly imply 
a functional significance to the appearance 
of the thorium particles in the infoldings 
rather than their distribution being merely 
the result of simple diffusion. These data 
are taken to indicate that some reabsorption 
occurs in the area of the surface infoldings 
but not in the interdigitations between the 
cells. Whether the reabsorption is sufficient 
to cause a fluid flow through the internal 
limiting membrane and into the surface in- 
foldings cannot be ascertained at this time. 

When normal aqueous flow is altered by 
the systemic injection of endotoxin, the 
cytoplasm of the surface cells becomes filled 
with small vesicles which presumably arise 
from the breakdown of the membrane elab- 
orations.!. When thorium is injected into 
the posterior chamber of such an eye, there 
is less thorium found adhering to the inter- 
nal limiting membrane than is found in a 
normal eye (compare Figs, 6 and 7 with 
Fig. 5). No vesicles containing thorium 
are found in the cytoplasm, nor are any 
thorium particles seen in the remaining 
infoldings. This change in the distribution 
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of the thorium may be a reflection of a 
hindrance of reabsorption. 

Since no thorium is found in the remain- 
ing infoldings (Fig. 7), it appears likely 
that these infoldings have lost their ability 
to reabsorb fluids from the aqueous, where- 
as if they were filled by diffusion one would 
expect to find granules in them. The sub- 
sequent breakdown of the infoldings, as 
shown in Figure 8, may, therefore, indicate 
a further diminished reabsorptive capacity 
of the cells. 

The structural changes in the developing 
ciliary epithelium are strong evidence linking 
the membrane elaborations with the produc- 
tion of aqueous humor. It is significant 
that the interdigitated margins characteristic 
of the adult appear first in 7-day-old ani- 
mals. Their appearance coincides with the 
time of initiation of aqueous humor secre- 
tion in this species, as described by Kin- 
sey." He found that ascorbic acid first 
appeared in amounts greater than that 
found in the blood plasma at about this age. 
This aqueous/plasma ratio gradually ap- 
proached that of the adult, just as the first 
relatively simole interdigitations appeared at 
this time and gradually reached their ex- 
tremely complex adult pattern. It is also 
of significance that the interdigitations ap- 
pear prior to the infoldings of the cell 
membrane on the free surface. If, as has 
been suggested, the interdigitations are pri- 
marily concerned with secretion into the 
posterior chamber and the apical infoldings 
with reabsorption for modification of the 
provisional aqueous, the appearance of the 
interdigitations first and the surface infold- 
ings later would seem consistent with this 
view. 


Summary 


The elaboration of the cell membranes 
of the ciliary epithelium is clearly associated 
with the production of aqueous humor. 

The structure of the capillaries in the 
ciliary process is adapted to the transfer 
of fluid by the thinness of their walls and 
occasional pores. Evidence was obtained 
to indicate that fluid transport takes place, 
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at least in part, through the endothelial cell. 
Intravenously injected sodium fluores- 
ceinate apparently enters the aqueous hu- 
mor by passing between the epithelial cells 
of the ciliary processes or in an area closely 
associated with the cell interfaces and not 
through the central portion of their cyto- 
plasm. 

The apical infoldings of the surface cells 
of the ciliary process are not necessary for 
the penetration of fluorescein into the pos- 
terior chamber. They may be involved in 
the process of reabsorption of posterior 
chamber contents. 

When thorium dioxide is injected into 
the posterior chamber, large numbers of 
thorium particles are found adhering to 
the internal limiting membrane as well as 
in the infoldings. Many vesicles containing 
thorium are found in the cytoplasm. When 
the blood-aqueous barrier is nonfunctional, 
as after endotoxin treatment, no thorium is 
reabsorbed by the epithelial cells of the 
ciliary processes. 

The characteristic interdigitated bound- 
aries between the surface epithelial cells 
were not found to be involved in reabsorp- 
tion of the thorium particles. 


630 W. 168th St. (32). 
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Electron Microscopic Studies of the Human Eye 


II. Study of the Trabeculae by Light and Electron Microscopy 


L. K. GARRON, M.D., and M. L. FEENEY, A.B., San Francisco 


Salzmann,! in 1912, published his classic 
text on the -natomy and histology of the 
eyeball, summarizing existing knowledge 
and describing the results of his own in- 
vestigations. Little has been added to his 
description of the trabecular meshwork un- 
til recent years. 

The trabecular meshwork has been con- 
sidered to be composed of a uveal and a 
corneoscleral portion. The uveal meshwork 
borders the anterior chamber and its net- 
like fibers extend in an arc from the surface 
of the corneoscleral meshwork to the root 
of the iris. The meshwork is loose with 
large and irregular openings; the fibers ap- 
pear rounded in cross section. The corneo- 
scleral meshwork comprises the major 
portion of the trabeculae. The trabecular 
meshwork roughly is ring-shaped and in 
cross section is somewhat triangular, the 
apex being at the end of Descemet’s mem- 
brane and the base of the triangle extending 
along a line between the scleral spur and 
the sclera just posterior to Schlemm’s canal. 
It extends circumferentially around the 
limbus and its inner aspect borders the 
angle of the anterior chamber. The total 
volume of the trabecular meshwork has 
been estimated to be in the neighborhood 
of 4 cu. mm. 
~ The illustrations for this article will be found 
in the special section of illustrations, pp. 1067 
to 1076. 

Submitted for publication Aug. 26, 1959. 

From the Francis I. Proctor Foundation for 
Research in Ophthalmology, University of Cali- 
fornia School of Medicine. 

This investigation was supported in part by 
Public Health Service Research Grants B-1229 and 
B-1782 from the National Institute of Neurological 
Diseases and Blindness, Public Health Service, and 
in part by the Council for Research in Glaucoma 
and Allied Diseases. ’ 
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Most authorities +5*7 agree that the 
trabecular meshwork is made up of a series 
of superimposed, anastomosing, flat lamellae 
running circumferentially around the eye at 
the inner limbus. Thus, the trabecular 
meshwork of lamellae, by their interconnec- 
tions, form a triangular structure in cross 
section with only 2 or 3 trabecular layers 
being present near Schwalbe’s line; where- 
as, at the level of the scleral spur and 
Schlemm’s canal, there are 12 or more 
layers. The trabecular sheets have many 
perforations, the openings being mostly oval 
in shape with the long axis of each passage- 
way parallel to Schlemm’s canal (Fig. 1). 
The trabecular openings are so disposed in 
each succeeding layer that the stomata con- 
nect by tortuous pathways via the inter- 
trabecular spaces. It is generally agreed 
that the sizes of the passageways through 
the trabecular sheets decrease as Schlemm’s 
canal is approached. Theobald,?* using 
serially sectioned eyes and reconstructions, 
showed that there were open pathways 
through the meshwork from the anterior 
chamber to the canal of Schlemm. Perfusion 
studies * under controlled pressures have 
further strengthened the thesis that open 
communications exist between the anterior 
chamber and Schlemm’s canal. 

The studies of Rochon-Duvigneaud,> 
Asayama,® Salzmann,’ and, more recently, 
Ashton, Brini, and Smith,’ have established 
that the central collagen core in the trabec- 
ular sheets is oriented circularly about the 
limbus. Since the collagen fibers form the 
basic “skeletal system” for the trabecular 
sheets, the question as to their direction and 
orientation is important when one considers 
the trabecular anatomy. These authors have 
found that anterioposterior sections of the 
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meshwork show the collagen fibers to be 
cut in cross section, whereas tilted frontal 
sections of this structure show the collagen 
fibers to be cut along their long axes. In 
- spite of this clear-cut evidence in support 
of their observations, it is interesting that 
an alternate view is held by other workers. 
Redslob,* Frangois,® and Wolff,2° appar- 
ently believe that the meshwork is made up 
of a series of anastomosing rod-shaped 
fibers, radially disposed, extending from 
the region of the scleral furrow anteriorly 
to Descemet’s layer of the cornea. 


The histologic structure of the corneo- 
scleral trabecular fibers was described in 
detail by Salzmann, based principally on 
observations from sections subjected to or- 
cein and Van Gieson staining. Ashton and 
his associates * have recently repeated these 
studies and their findings are in agreement 
with those of Salzmann. By light micro- 
scopic techniques the corneoscleral fiber is 
described as a four-layered structure. In- 
nermost is the central collagen core which 
is covered by an elastic layer. The next 
outermost layer is a Descemet-like glass 
membrane considered by many authorities 
to be a continuation of Descemet’s mem- 
brane of the cornea because of its morpho- 
logical and staining properties. The fourth 
and outermost layer of the trabecular tissue 
is the endothelium which is thought to be a 
direct continuation of the corneal endothe- 
lium. It covers the trabecular surfaces 
completely. 


We have reported ™ observations on the 
anatomy of the trabecular meshwork studied 
with the electron microscope, and have con- 
firmed the existence of an endothelial cover- 
ing on the trabecular surfaces and the 
presence of a central collagen core. The 
space between the central collagen core and 
the endothelium was found to be composed 
of a “homogeneous matrix” (probably 
ground substance) containing irregularly 
shaped clumps of material having a 1,000 A. 
periodicity. Fine fibrils without periodicity 
also were found to be dispersed in this 
matrix. We were unable to identify elastic 
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tissue except in scattered areas near the 
scleral spur. A typical Descemet-like mem- 
brane could not be found to exist beneath 
the endothelial layer. Other histologic and 
anatomic features were observed in the 
trabecular meshwork which seem worthy of 
discussion. These initial studies suggest that 
the conventional concept of a four-layered 
trabecular structure is not entirely accurate. 
This study is a further attempt to clarify 
some of the discrepancies. 


Methods and Materials 

The tissues used in these studies were 
derived from human eyes enucleated either 
post mortem or at surgery for melanoma 
of the choroid. The anterior portions of the 
eyes used were essentially normal, and in 
none was there clinical evidence of inflam- 
mation or glaucoma. From a total of 16 
eyes processed and studied, 12 were sur- 
gical. The Table shows the time interval 
between death or enucleation and fixation of 
each specimen. None of the eyes was ob- 
tained from a patient less than 34 years of 
age; therefore, our findings may not be 
those which would occur in younger age 
groups. 

To accomplish rapid fixation, the aqueous 
humor was aspirated and the anterior 
chamber gently perfused with cold osmic 


Human Eyes Used in This Study 


Time Interval 
Between Death 
or Enucleation 
and Fixation 
Surgery or Post Mortem in Minutes 
P.M. 
Melanoma of eyelid 
P.M. 
Melanoma of choroid 
P.M. 
P.M, 
Metastatic carcinoma of 
the macula 

Melanoma of choroid 
Melanoma of choroid 
Orbital tumor 
Melanoma of macula 
Melanoma of choroid 
Melanoma of choroid 
Melanoma of choroid 
Melanoma of choroid 
Hemangioma of choroid 
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acid. Radial strips of limbal tissue, includ- 
ing the trabecular meshwork, were excised 
and further fixed in osmic acid, embedded 
in methacrylate, and thin sectioned for elec- 
tron microscopy.4 In most of the eyes, the 
trabecular meshwork was studied by light 
and phase microscopic techniques using 1p 
thick sections cut in the three principal 
planes as shown in Figure 2. 

Formalin fixed, celloidin embedded tissue 
was also studied, being obtained from rou- 
tine laboratory specimens in which the an- 
terior segment was normal. To accomplish 
this, a small portion of limbal tissue was 
excised from the original celloidin block, 
remounted, and cut in 5 or 6, sections. 
These were subjected to a variety of stains 
and studied with a light microscope. In 
this way, it was possible to repeat some of 
the investigations of those who had used 
conventional histologic methods and to com- 
pare these findings with those of electron 
microscopic techniques. 


Results 


1. Histologic Studies —Methacrylate em- 
bedded tissues were cut in the meridional 
and tilted frontal planes in 1p thick sections 
and subjected to a variety of staining tech- 
niques. Conventional staining techniques 
were not found to be adequate in osmic acid 
fixed, methacrylate embedded material. 
Prolonged staining in concentrated stains 
was used, but there was considerable varia- 
tion in the staining of consecutive sections 
even after the methacrylate was removed. 
Elastic tissue stains were not specific, and 
all conventional differential staining methods 
were found to be unsatisfactory. 

A new staining technique using peri- 
odic acid-Schiff, hematoxylin and fast 
green proved useful on these thin sections 
with a differential staining of constituent 
portions of the trabecular tissue. When 
examined with a light microscope, the cen- 
tral collagen core stained a bright green, 
the endothelium pink, and the nuclei bluish- 
green. In the space between the core and 
the endothelium, the background color was 
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light green in the inner and central trabec- 
ular zones and was characterized by the 
presence of numerous dot-like dark green 
granules (Fig. 3, CC), of the same in- 
tensity as the collagen core. In the tissue 
near Schlemm’s canal, the material beneath 
the endothelium varied in staining from 
pale green to pale pink and the dot-like 
granules were rarely seen. 


After examining a number of sections 
treated with this stain, it was possible to 
note that the collagen core was thickest 
and most prominent in the central and inner 
trabecular sheets (Fig. 4). As one ap- 
proached Schlemm’s canal, the collagen 
fibers in the trabeculae were found to de- 
crease in numbers and frequency. Im- 
mediately adjacent to Schlemm’s canal the 
tissues took a pale pink color suggesting 
that collagen was absent. This tissue ap- 
peared much more compact and less sheet- 
like than the inner trabeculae. At inigh 
magnification this tissue showed numerous 
endothelial cells. Thickness of this pale 
staining cellular zone varied considerably 
in different areas of the same _ section 
(Fig. 5). 

Some of the endothelial cells lining the 
inner wall of Schlemm’s canal showed 
vacuoles in their cytoplasm similar to those 
seen previously by electron microscopy 
(Fig. 6). A number of red blood cells 
were found in Schlemm’s canal and also in 
the intertrabecular spaces throughout the 
network (Fig. 3). In one fortuitous case, 
a red blood cell was found incarcerated in 
a passageway between Schlemm’s canal 
and the trabecular tissue (Fig. 7), suggest- 
ing that the other red blood cells in the 
intertrabecular spaces had been drawn out 
of Schlemm’s canal at the time of aqueous 
aspiration. 

Formalin fixed, celloidin embedded tis- 
sues were cut 5y to 6y thick in the three 
principal planes. These sections were proc- 
essed with a variety of stains. For our 
purposes we found tissues stained with 
Weigert’s elastic tissue stain and counter- 
stained with the Shorr stain to be the most 


Vol. 62, Dec., 1959 


. 


STUDY OF THE TRABECULAE 


satisfactory for the demonstration of the 
trabecular components. In the central tra- 
becular area the collagen core stained 
blue-green and the endothelial zone reddish- 
brown. Numerous dark brown granules in 
a lighter background were dispersed be- 
tween these two. The collagen core thinned 
gradually toward Schlemm’s canal and in 
the tissue immediately adjacent to the canal 
there was a lack of the blue-green staining 
collagen. As noted in the methacrylate em- 
bedded sections, there was considerable 
variation in the width of this cellular zone 
in different sections. The endothelial cells 
on the inner wall of Schlemm’s canal 
showed numerous cytoplasmic vacuoles 
(Fig. 8). 

2. Electron Microscopic Studies—Uveal 
Meshwork: The open net-like structure of 
the uveal meshwork causes it to present a 
round profile regardless of whether the 
meshwork is cut in the tilted frontal or 
meridional plane (Fig. 9). The uveal fibers 
are 5u to 12 in diameter. They are com- 
posed of collagen fibers which pass through 
the center parallel to the long axis of the 
uveal fiber regardless of its direction in the 
eye, i.e., the collagen core does not maintain 
the circumferential orientation which is ex- 
hibited in the corneoscleral portion of the 
meshwork. The collagen is compact in the 
core and there are irregular deposits of 
dense amorphous “cement substance” 
around groups of collagen fibers. The core 
appears to be circumscribed by some cir- 
cularly disposed collagen fibers which are 
likewise embedded in a cement-like material. 
More peripherally is a wider zone of light 
density which contains loosely dispersed col- 
lagen fibers which run circularly, obliquely, 
and longitudinally. The periodicity of these 
fibers varies between 400 A. and 600 A. 
There are irregular deposits of dense 
amorphous material in this area also which, 
when treated with uranium acetate, occa- 
sionally reveal a periodicity of dark bands 
spaced 1,000 A. apart. This material is not 
a prominent feature of the uveal fibers, 
however. There is a medium dense, finely 
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granular basement membrane beneath the 
endothelium. The endothelial cytoplasm 
varies in thickness from 0.34 to 2.04 and 
may contain pigment granules. The endo- 
thelium of uveal and corneoscleral fibers 
frequently shows cytoplasmic junctures. 
The cytoplasmic components appear to be 
similar to those seen elsewhere in the 
trabeculae. 


Corneoscleral Meshwork: The component 
parts of a typical corneoscleral trabecular 
sheet have been partially reported." Figure 
10 and Figure 11 show the sheets cut in two 
planes; the meridional, with the collagen 
core cut in cross section, and the tilted 
frontal, with the collagen core cut longi- 
tudinally. 


Figure 12 shows a tilted frontal section 
through a portion of a trabecula. The col- 
lagen core is sectioned longitudinally and 
the fibers show the usual banding of ap- 
proximately 640 A. In Figure 13, the plane 
of sectioning is meridional and the core is 
cut in cross section. The individual fibers 
measure about 400 A. in diameter and are 
embedded in a rather dense, finely granular 
substance. The core varies in width from 
lp to 4y. Tilted frontal sections show the 
core to taper to a point at the site of a 
trabecular opening (Fig. 14). Actually the 
collagen fibers are cut diagonally as they 
digress from an essentially circumferential 
direction around the eye to pass above or 
below the elliptical holes of the sheet. 


The core is ensheathed by a layer of 
thicker fibers measuring 0.14y to 0.2m in 
diameter (Fig. 15). These fibers have a 
periodicity of 1,000 A. There is an amor- 
phous light density matrix between the core 
and the basement membrane of the endothe- 
lium. In this matrix, in addition to ground 
substance, are two components: very fine 
fibrils approximately 100 A. in diameter 
which have no demonstrable periodicity, and 
irregular clumps of a material with 1,000 A. 
banding. 

As the sections approach Schlemm’s 
canal, there is a change in the appearance 
of the sheets and the component parts. The 
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collagen core has disappeared as a true core, 
becoming arranged in thin bundles or un- 
oriented fibers. The clumps of 1,000 A. 
banded material are scarce. 


Inner Wall of Schlemm’s Canal (Pore 
Tissue): In a zone varying from 2, 
to 15 in thickness adjacent to Schlemm’s 
canal, the tissue appears less sheet-like than 
the corneoscleral lamellae. This pore tissue 
is made up essentially of endothelial cells 
and ground substance which follow the ir- 
regular contours of the canal and therefore 
is not parallel to the sheets. It is more com- 
pact in the sense that intertrabecular spaces 
are lacking. Asayama ® was the first to note 
and describe in detail the unique character- 
istics of this tissue. 

The endothelial cells lining the inner wall 
of the canal and elsewhere in this zone lack 
a basement membrane in the usual sense, 
but rather lie on a loosely amorphous ground 
substance of variable thickness (Figs. 16 
and 17). In some areas the endothelial 
cytoplasm is unsupported by ground sub- 
stance, there being an empty space directly 
beneath the cell membrane. Elsewhere, the 
underlying ground substance appears mod- 
erately electron dense. Numerous cyto- 
plasmic “vacuoles” are seen in_ the 
endothelial cells lining the inner wall of the 
canal. Most of these vacuoles measure 2y 
to 5 in diameter, although occasional ones 
are as much as 8» wide (Fig. 18). The 
cytoplasm around these spaces is frequently 
so finely attenuated that only the double 
cell membrane is apparent. With our tech- 
niques these vacuoles seem to be empty. 


The ground substance beneath the endo- 
theliuri varies considerably in density in 
differ:nt areas. Often it thins out to an 
empty space between cytoplasmic bounda- 
ries. The ground substance appears fibrillar 
when treated with phosphotungstic acid 
(Fig. 19). 

In our sections, we have been unable to 
show an open pathway across the pore tis- 
sue; however, in Figure 20, a red blood 
cell may be seen incarcerated in an opening 
from Schlemm’s canal. It appears from 
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this section that the red blood cell was 
trapped in this position during aspiration 
of aqueous from the anterior chamber. 
Scleral Side of the Canal: The endothe- 
lial cells lining the scleral or external side 
of Schlemm’s canal do not have the large 
vacuoles seen on the inner wall, although 
smaller ones are occasionally seen. The 
basement membrane, unlike that of the inner 
wall, is prominent, medium dense, and 
measures 0.15y to 0.34 in width (Fig. 16). 


Comment 


In the study of the structural anatomy of 
the trabecular meshwork by electron mi- 
croscopic techniques, it is difficult to corre- 
late some of the findings obtained with 
those generally obtained by conventional 
histologic methods. “Elastic fibers” and the 
“Descemet-like membrane” represent two of 
the trabecular components which are ob- 
served by light microscopic methods, yet 
are not identifiable as such with the electron 
microscope. 

Repetition by us of the work done by 
Salzmann, and by Ashton and his asso- 
ciates, confirms their observation that there 
is a component in the trabecular meshwork 
just external to the collagen core which 
stains with the usual elastic tissue stains, 
and that there is a component beneath the 
endothelium which stains more or less as 
Descemet’s membrane with a variety of 
stains including periodic acid-Schiff and 
Van Gieson. In addition, we found that this 
zone also stained with the usual elastic tis- 
sue stains such as orcein, resorcin-fuchsin 
and aldehyde-fuchsin. 

However, with tissues fixed in osmic acid, 
embedded in methacrylate and cut 0.54 to 
1p thick, the above findings were only par- 
tially duplicated. Tissues processed in this 
manner react poorly to the usual histologic 
stains ; however, these “thin” sections were 
ideal for study by phase microscopy where 
intense staining is not mandatory. 

One micron thick sections which are 
viewed by phase microscopy show granules 
or dots in the area between the collagen 
core and the endothelium in the position 
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ordinarily assigned to the “elastic fibers”. 
These granules are identifiable with the 
clumps of 1,000 A.-banded material seen 
with the electron microscope. It is our im- 
pression that the “elastic fibers” seen 
by conventional histologic methods, the 
granules seen by phase microscopy, and the 
1,000 A.-banded material seen by electron 
microscopy are one and the same. 


Our present knowledge of the structure 
and appearance of elastic fibers by electron 
microscopy indicates that these 1,000 A.- 
banded figures cannot be considered elastic 
fibers despite their affinity for elastic tissue 
stains. Recent studies indicate that elastic 
stains are not specific for elastic tissue; in 
fact, certain mucopolysaccharides and even 
collagen ?* are frequently stained. Since 
both elastic tissue and collagen have muco- 
polysaccharide components, this is not sur- 
prising. 

There is additional evidence that this 
banded material is not elastic tissue but 
actually belongs to the collagen class of 
connective tissue. Dr. Marie Jakus has 
shown by x-ray diffraction studies that 
Descemet’s membrane of the cornea is col- 
lagenous tissue. The banding observed in 
Descemet’s membrane when the sections 
are cut perpendicular to the plane of the 
membrane coincides with the banding of 
clumps of material in the trabecular sheets. 
Descemet’s membrane in the peripheral 
cornea near the trabeculae not only shows 
the structure reported by Jakus in the outer 
one-third of the membrane, but also shows 
the irregularly shaped 1,000 A.-banded 
figures throughout the inner portion as 
well.!® Their appearance is identical with 
those in the trabecular sheets. 


The foregoing discussion would seem to 
be an argument for identifying the histolo- 
gist’s “Descemet-like membrane” of the 
trabeculae with the 1,000 A.-banded figures 
seen by electron microscopy. It is our 
opinion that the zone between the collagen 
core and the endothelium (the homogeneous 
matrix) represents the “Descemet-like 
membrane” seen by light microscopy. It 
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should be remembered that Descemet’s 
membrane of the cornea may stain positively 
with either the elastic tissue or the muco- 
polysaccharide stains, but always more in- 
tensely than the “Descemet-like membrane”’ 
of the trabeculae. The zone between the 
collagen core and the endothelium of the 
trabecular sheet, which stains similarly to 
Descemet’s membrane, consists of a mat of 
ground substance which is probably a muco- 
polysaccharide or mucoprotein. It is also 
likely that the basement membrane beneath 
the endothelium is a condensation of this 
same type of material. Therefore, because 
of their basic similarity in chemical com- 
position the staining reactions of the ma- 
terials in these two locations would be 
expected to be similar. 


Since reporting the presence of vacuo- 
lated endothelial cells on the inner wall of 
Schlemm’s canal (1958), this observation 
has been verified in histologic specimens, 
as well as in additional specimens viewed 
with the electron microscope. Speakman 
has suggested that these findings represent 
post mortem changes. He was able to 
demonstrate the presence of cell vacuoliza- 
tion after rapid fixation of eyes in the endo- 
thelium of the cornea and in the inner wall 
of the canal. He was able to show that this 
change also took place very rapidly in un- 
fixed specimens. We agree that vacuoliza- 
tion of the corneal endothelium does occur 
as a result of delayed fixation. Under the 
electron microscope we have observed 
marked microvacuolization of the endothe- 
lium in postmortem eyes which were not 
fixed for four or more hours. after death. 
However, in all of the eyes discussed in 
the present report, the cytoplasm of the 
corneal endothelium showed no vacuoliza- 
tion or other apparent postmortem change 
and the mitochondria and _ endoplasmic 
reticulum were well preserved. Further- 
more, the cells lining the canal in these 
same eyes, while also showing excellent 
preservation of cytoplasmic elements, ex- 
hibited these “vacuoles.” We are, therefore, 
convinced that the “vacuoles” on the inner 
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wall of the canal are not artifactual or the 
result of postmortem change. 

Some doubt has been expressed as to 
whether these “vacuoles” are vacuoles at all. 
Holmberg #8 made serial sections through 
these cells and reported that these spaces 
were formed by cytoplasmic projections of 
adjacent endothelial cells. He was abl: to 
trace the corridors formed by these cells 
into the ground substance of the pore tissue 
and also internally to the intertrabecular 


spaces. 


Summary 


Normal human trabecular meshwork has 
been studied by means of the following 
techniques: 

1. Formalin fixation, paraffin and celloidin 
embedding, 5p to 6m sections, several special 
stains, and light microscopy. 

2. Osmic acid fixation, methylacrylate 
embedding, lp thick sections, several special 
stains, and light and phase microscopy. 

3. Osmic acid fixation, methylacrylate 
embedding, 0.05» to 9.025» sections, and 
electron microscopy. 

Using the techniques listed above, we 
have attempted to correlate the findings ob- 
tained by light microscopy with those ob- 
tained by electron microscopy. 

The typical electron microscopic appear- 
ance of the uveal meshwork, the corneo- 
scleral meshwork, and the tissue bordering 
Schlemm’s canal is presented. 

In the corneoscleral trabecular sheet, the 
“elastic fibers” seen by conventional histo- 
logic methods were identified as the clumps 
of 1,000 A.-banded material seen in the 
homogeneous matrix by electron micros- 
copy. Evidence is presented which indicates 
that this material is not elastic tissue. 

That portion of the corneoscleral trabec- 
ular sheet which stains similarly to 
Descemet’s membrane appeared to be the 
homogeneous matrix seen by electron 
microscopy. Structurally this matrix differs 
from Descemet’s membrane, but both are 
thought to contain mucopolysaccharides. 
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As first reported by Asayama, the tissue 
immediately adjacent to the inner wall of 
Schlemm’s canal differs from the corneo- 
scleral meshwork. Electron microscopically 
it was composed of endothelial cells and 
ground substance. 

Evidence is presented indicating that the 
“vacuolizations” of the cells along the inner 
wall of the canal are not due to artifact or 
postmortem change but are normal char- 
acteristics of this endothelium. 


Francis I. Proctor Foundation, University of 
California (22). 
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Components 


The fine structure of the iris (rhesus 
monkey and man) has been studied by elec- 
tron microscopic examination of ultrathin 
sections.! The results reported were in gen- 
eral agreement with those based on classical 
histologic methods ** and revealed in great- 
er detail the structure of the cells, blood 
vessels and nerves of the stroma, the mus- 
cles, and the cells of the pigment epithe- 
lium. Such sections (about 0.025» in 
thickness) are most suitable for the study 
of cellular structures, i.e., the structures 
composed of an abundance of macromolec- 
ular aggregates (microparticles, membrane- 
structures, and filaments), but they provide 
very little information about components in 
low concentration. A good example of such 
components is found in the intercellular 
substances of the loose iris stroma. The 
technique of ultrathin sectioning has _ re- 
vealed the presence of collagen fibrils be- 
tween the stroma cells, but their distribution 
and orientation with regard to other tissue 
components was not clear. 

To obtain a better appreciation of the 
relationship of the intercellular substances 
to each other and to the larger structures 
around them, we have used somewhat 
thicker sections, prepared as outlined in 
Materials and Methods. 


The illustrations for this article will be found 
in the special section of illustrations, pp. 1077 
to 1087. 
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Ultrastructure of the Iris: The Intercellular Stromal 


A. J. TOUSIMIS and BEN S. FINE, M.D., Washington, D.C. 


Materials and Methods 


Irides from 18-month-old rhesus mon- 
keys, a 44-year-old Negro man and a 2-year- 
old white girl were placed in cold (0 C-4 
C) 1% osmium tetroxide suspended in 
isotonic veronal buffer (pH 7.35), dehy- 
drated in graded ethanol, and embedded in 
methacrylate according to the procedure 
described elsewhere.! Sections approxi- 
mately 0.1 in thickness were made with 
a Porter-Blum ‘ ultramicrotome, using glass 
knives. Sections floated on a 10% acetone- 
water trough, and then were placed on car- 
bon-film on formvar-covered grids.° The 
methacrylate in these sections was dissolved 
with xylene, leaving the tissue on the car- 
bon film. The sections were then shadow- 
cast with uranium at arctan 1/3 followed 
by carbon lightly at arctan 1/1.5. Electron 
microscopy was carried out with an RCA 
(Model-EMU-3B)_ instrument equipped 
with a Canalco condenser aperture and a 
40 diameter objective aperture. Electron 
micrographs were made at magnifications of 
1,700 to 14,000 diameters, and further en- 
larged photographically for their study or 
for the illustrations in this report. 


Results and Comment 


Collagen fibrils of 600 A. average width 
and 550-600 A. axial periodicities were 
found between the cellular components of 
the iris stroma, as reported elsewhere if pur 
study of ultrathin sections." Similar QQ 
were observed in both monkey and human 
irides (Figs. 2-4). Their axial periodicities 
are the same, and these fibrils show typical 
collagen interbanding. Fibrils shown in 
these electron micrographs do not appear 
uniform in width or banding. This has 
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been interpreted as an artifact due to in- 
complete removal of methacrylate and rela- 
tive orientation with respect to the source 
of the shadowing material. The variation 
in length of the collagen fibrils shown in 
these seciions suggests their random orien- 
tation. The fibrils vary from almost perfect 
cross-sections, which appear as small par- 
ticles of the same width as those sectioned 
longitudinally, to those oriented longitudi- 
nally in the plane of the section. 

In thicker sections (Figs. 5-8), the fibrils 
appear to be aggregated (with random ori- 
entation). when near stromal cells, nerves, 
or capillaries. This leads to a grouping of 
cells, fibrils, and capillaries, or cells, fibrils, 
and nerves. The presence of collagen fibrils 
in the stroma could have functional signifi- 
cance in giving support to stromal cells, 
capillaries, and nerve fibers. During dilata- 
tion or constriction of the pupil, the struc- 
tural organization of the iris is changed; 
thus the bundles of stromal components 
can not have a rigid configuration. It is 
possible that the random orientation of 
collagen fibrils about stromal cells, vessels, 
and nerves is essential for maintaining sup- 
port of these structures while permitting 
wide latitude in change of position during 
rapid iris movements. 


Because of the groupings of stromal cells, 
fibrils, vessels, and nerves, bundle forma- 
tions are seen. Between these bundle forma- 
tions are numerous channel-like “spaces” 


containing virtually no collagen fibrils 
(Figs. 6-10). Such channels have been 
observed to be continuous with numerous 
apertures present on the iris anterior sur- 
face border (Figs. 11-14). The anterior 
surface of the iris in monkey and man 
consists of loosely aggregated stromal com- 
ponents (pigmented and nonpigmented cells, 
and occasionally, capillaries and collagen 
fibrils). Anterior surface apertures have 
been defined as portions of that surface 
which do not contain cellular components ; 
however, collagen fibrils are present in low 
concentration. The collagen fibrils in the 
anterior iris surface could have the follow- 
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ing two functions: (a) provision of addi- 
tional support to the cells in this layer, and 
(b) formation of a sieve-like structure 
within the apertures. 


Both light microscopy and low magnifi- 
cation electron microscopy demonstrate ag- 
gregates of stromal cells oriented in planes 
passing from the periphery towards the 
pupil, and from the posterior layers to- 
wards the anterior surface. Cells forming 
these aggregates do not interdigitate, but 
are loosely held by their long cytoplasmic 
processes, collagen fibrils, and possibly by 
other intercellular substances. 


The statement is frequently made that 
the iris vessels are characterized by a thick 
adventitia and that the arteries possess a 
thin muscularis.? Electron microscopy of 
ultrathin sections has revealed only capil- 
lary type iris vessels, the walls of which 
consist of a single layer of endothelium. 
Surrounding these capillaries are collagen 
fibrils and/or cells which appear identical 
with those characteristic of the iris stroma 
(pigmented and nonpigmented) (Figs. 5,6, 
8,9,10,15,16). Vessels were similar in both 
the human and the monkey. Blood cells 
were found “suspended” in the center of 
the lumen, which suggests the effectiveness 
of the fixation used in these studies. The 
plasma appears granular in shadowcast 
preparations. 


In addition to the intercellular collagen 
fibrils, a fine granular and/or filamentous 
substance has been found in the iris stroma 
(Figs. 4,6,7,8,10,15,i7,19,20). The granu- 
lar material is interpreted to be drying pat- 
terns of a macromolecular substance. The 
filaments appear to be beaded and measure 
up to 200 A. in width (Fig. 18). A hyalu- 
ronidase-sensitive acid mucopolysaccharide 
has been demonstrated in the human iris by 
histochemical methods and light micros- 
copy.* Whether the substance observed in 
our electron micrograms is tropocollagen— 
at least the filamentous form—or a muco- 
protein cannot be concluded from our 
present studies. 


77/975 


at 
dy, ry 
i 
: 
: 
out 
i 
- 
a 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Large bundles of nerve fibers with stro- 
mal cells and collagen fibrils have been 
found throughout the iris stroma (Figs. 1, 
17, 18). The axoplasm of these nerve fibers 
contains numerous filaments, about 100 A. 
in width, oriented in the direction of the 
long axis of the nerve (Figs. 21 and 22). 
Long mitochondria about 0.15, in diameter, 
also oriented in the direction of the nerve 
fiber, were observed in the axoplasm. 


Summary 

The electron microscopic study of tissue 
by means of ultrathin (circa 0.025) sections 
gives detailed information of cellular and 
intracellular structure where the macro- 
molecular aggregates are relatively dense. 
Much less information is obtained about 
the intercellular components, particularly 
where they are in low concentration, as in 
the loose iris stroma. Use of shadowcast 
“thick” sections (circa 0.lu4) in this study 
was rewarded by a clearer appreciation of 
the intercellular substances in the iris 
stroma, The “empty” spaces of the ultrathin 


sections were found to be occupied by large 


numbers of typical collagen fibrils. The 
“spaces” between these fibrils also appeared 
to be empty, but the shadowcast drying pat- 
terns of a macromolecular material could 
be easily found in these preparations in 
many areas. Whether these interfibrillar 
macromolecular substances are a mucopoly- 


saccharide cannot be determined from the 
present study. 
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Early Changes in the Lens Epithelium After Roentgen 
Irradiation 


A Correlated Light and Electron Microscopic Study 


THEODOR WANKO, M.D.; LUDWIG von SALLMANN, M.D., and MARY ANN GAVIN, M.S., Bethesda, Md. 


Introduction 


The ultrastructure of the normal lens 
epithelium has only recently been de- 
scribed. On the basis of this report it was 
possible to investigate the cytopathology of 
this cell layer in various forms of experi- 
mental cataracts with the electron micro- 
scope. It is of particular interest to follow 
the effects of ionizing radiations, since it 
has been shown that injury to the epithelium 
is an important pathogenetic factor in the 
development of radiation cataract.2* Pre- 
vious light microscopic studies on whole 
mounts of lens epithelium have provided 
quantitative data on incipient radiation 
damage to the cell nucleus and established 


the time sequence of such changes on a. 


cellular level.** 

In the present work, changes of the fine 
structures of the lens epithelial cells in- 
duced by an ionizing radiation are described 
at selected time intervals and correlated 
with results of light microscopic examina- 
tions. 


Material and Methods 
Both eyes of eight young albino rabbits 
(1.5 to 2.5 kg.) were irradiated individually 


The illustrations for this article will be found 
in the special section of illustrations, pp. 1088 
to 1095. 
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with 1,500 r x-rays. The radiation factors 
were as follows: 220 kv., 20 ma., 119 r per 
minute in air, 0.25 mm. copper and 0.5 mm. 
aluminum filtration, 15.0 cm. target skin 
distance, 20 mm. field (.ound). The ani- 
mals, under pentobarbital sodium (Nem- 
butal) anesthesia, were positioned so that 
one eye could be irradiated while the other 
was shielded and remained outside the 
beam. The irradiated eyes were examined 
for early lesions with the biomicroscope. 
Two animals of the series were killed at 
each of the following time intervals: 24 
hours, and 4, 10, and 14 days after irradia- 
tion. The left eyes were processed for the 
Feulgen reaction, and whole mounts of 
the epithelium were prepared, following the 
established procedures.? For electron mi- 
croscopic study, the lenses were removed 
from the right eyes in situ, immediately 
fixed, and processed as outlined previously." 
From each lens, 15 to 20 small tissue blocks 
were excised according to zones. Electron 
micrographs were recorded at magnifica- 
tions ranging from X 3,350 to X 21,500 
with an RCA EMU-3C model and photo- 
graphically enlarged from three to four and 
one-half times. 


Results 


Biomicroscopically, mottling or fine stip- 
pling of the corneal epithelium, a faint flare, 
and a moderate number of cells in the 
aqueous humor are seen at the 24-hour and 
4-day intervals. These changes subside 10 
to 14 days after irradiation. 

The results of light microscopic examina- 
tion of flat mounts of the epithelium at the 
stated time intervals after irradiation are 
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TasLe 1.—X-Ray Irradiated Albino Rabbits 
(1,500 r) 


Rabbit No. 1 2 3 4 5 6 7 8 


Days after 
irradiation 1 1 oe 
Mitoses 5 2 60 0 313 410 
Degenerate 


cellclumps 1490 42 2% 171 26 160 «181 


* Possibly faulty technique. 


recorded in Table 1. Since in the present 
series both eyes were irradiated, no controls 
are available. Therefore, the average of the 
mitotic counts in 515 normal adult rabbits 
of previous experiments is used as a refer- 
ence value.* It can be seen from the Table 
that mitotic activity in the lens epithelium 
of the irradiated eyes is suppressed during 
the first 4 days, has recovered at the 10th 
day, and shows an increase of about 100% 
at the 14th day. As usual, the number of 
degenerate cells greatly varies from animal 
to animal at the early postirradiation inter- 
vals. The reasons for these variations have 
been explained in previous studies. The 
number of mitoses and degenerate cells in 
the preparation of Rabbit 6 are so low, 
however, that most likely this eye did not 
receive the calculated dose, due to faulty 
technique. The cell pathology follows the 
usual pattern which has been established 
in many observations in early radiation ex- 
periments on the eye.*-> The fine granularity 
of the nucleus is generally preserved in 
early stages, but in a number of cells the 
small Feulgen-stained elements become 
coarser and form clumps, first in the nucleo- 
plasm, and later in the cytoplasm, where 
they are often surrounded by an unstained 
halo. When such clumps further coalesce, 
they frequently indent the adjacent part of 
the cell nucleus (Fig. 7). This extruded, 
clumped chromatin, in some instances, may 
represent a small loss of nucleoplasm and 
not interfere with the survival of the cell. 
In others, this phenomenon may precede 
extensive karyorrhexis. These deeply 
purplish-stained, homogenous clumps differ 
from other small, Feulgen-stained bodies 
which show the same structure as the cell 
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nucleus and are called accessory nuclei 
(Fig. 10). They appear to be sequestrated 
from protruding parts of the nucleus and 
to give rise to multinuclear cells which are 
likely to develop into giant cells. Attempts 
to stain cytoplasmic components in flat 
mounts were not successful. 


Electron Microscopic Observations 


Examination of irradiated lenses reveals 
many morphological details not observed in 
the normal lens epithelium previously in- 
vestigated by the same method. These 
changes, caused by x-irradiation, occur in 
circumscribed areas that are often contig- 
uous with apparently normal regions. 
Sometimes, severe damage is limited to one 
cell of an examined area. Between the first 
and last phases observed there is a progres- 
sive increase in the number of elements 
involved and in the extent to which the in- 
dividual cellular constituents are altered. 
Some of the changes in cell organelles ob- 
served at one time interval are qualitatively 
comparable to changes through subsequent 
periods. These radiobiological effects will 
be described relative to the individual cell 
constituents and to the sequence in which 
they occur. Reactions to the x-ray beam 
are similar in the various zones of the 
epithelium, and, therefore, the description 
will refer to a particular region only in 
specific instances. In the stages studied the 
pattern of the cytoar~h* -ctural organization 
within the lens epi:. .m and its relation 
to capsule and fibers remains unchanged. 
All the observations are briefly summarized 
in Table 2. 


Nuclei.—At the 24-hour interval obvious 
changes in nuclear structures mainly concern 
the location and appearance of nucleoli. 
Normal nucleoli are often eccentrically lo- 
cated but well separated from the nuclear 
membrane by karyoplasm. In_ irradiated 
cells they are frequently seen at the periph- 
ery, immediately adjoining the nuclear 
membrane (Fig. 1). In addition, the dense 
granular constituents of the nucleolus, which 
normally are arranged in a regular pattern, 
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TABLE 2.—Radiation-Induced Changes in 


the Fine Structure of Lens Epithelium 


Days After Irradiation 


1 4 


Displaced nucleoli; 
paranuclear 
aggregate 


Two nuclei; indistinct 
nuclear menbranes, 
spongy nucleoplasm 


Conically tapered 
ends 


Long, lamellated 
formations (34) 


Endoplasmic 
reticulum 


Golgi complex 


Low-density 
elements 


Ground substance Loss in density; 
& cell mem- low opacity of 
branes membranes 


Loss in density, sub- 
capsularly 


10 14 


Two nucleoli; displaced nu- 
cleoli; accessory nuclei; 
paranuclear aggregates 


Accessory nuclei; clumped nu- 
cleoplasm; many large stoma- 
ta in nuclear membrane; 
paranuclear aggregates 


Club-shaped, tapered, lamel- Elongated, distended; granu- 
lated ends; cristae distended larity of matrix, club-shaped; 
& displaced; granularity of cristae displaced & distended 
matrix 


Increase in quantity in Increase of attached & isolated 


space i d; Loss in density, subcapsularly 
dense, tortuous, small 
elements subcapsularly 


are somewhat dispersed through the sur- 
rounding nucleoplasm. 

In one instance (Fig. 6) a large portion 
of a partially disintegrated nucleus is re- 


placed by a heterogenous complex of 
rounded forms which individually contain 
fine, granular material of varying densities 
and irregularly shaped, opaque profiles 
(Fig. 5). This agglomerate is sharply out- 
lined and clearly distinguishable from the 
nucleoplasm on one side and the fairly well- 
preserved cytoplasm on the other. A nuclear 
membrane cannot be seen at the junction 
betweer the nucleoplasm and the described 
aggregate (Fig. 6). 

On the fourth day after exposure to the 
x-ray beam, binucleated cells are observed 
in the equatorial area (Fig. 2). Two such 
nuclei, differentiated from deeply indented 
nuclear profiles by serial sections, usually 
lie close to each other and lack regular, 
well-defined nuclear membranes. In addi- 
tion, the nucleoplasm seems less dense than 
usual giving an over-all effect of low 
opacity. 

Ten days after irradiation nucleoli are 
still seen near the nuclear border, as at the 
24-hour interval. The dense nucleolar 
granules are scattered and lose their dis- 
crete, compact arrangement in that portion 
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adjacent to the nuclear membrane, while, 
centrally, their organization into thick, dis- 
tinct coils is largely maintained (Fig. 4). In 
other instances, two nucleoli are present and 
are located at opposite poles of the same 
nucleus (Fig. 11). In some cells the nu- 
clear envelope appears thicker and more 
opaque than usual. 


Occasionally, the nuclear profile, bounded 
by its membranes, shows several finger-like 
projections extending into the cytoplasm. 
The nucleolus may be located in one such 
projection (Fig. 3). In other cells the cyto- 
plasm contains small deposits of nucleo- 
plasm which lack a membranous boundary 
and are situated near the nucleus or directly 
adjoining its outer membrane. In such a 
case, the two profiles of the nuclear mem- 
brane are widely separated to a maximal 
distance of about 600 A. (Fig. 8). 

Sometimes as many as four small nuclei 
are observed in a single cell. Paranuclear 
aggregates, similar to the one observed at 
the 24-hour interval, become more numer- 
ous. The dense profiles of these structures 
are more closely grouped or are centered 
around an opaque body of homogenous 
appearance. In contrast to the 24-hour ob- 
servation, the nucleus adjacent to the com- 
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equatorial zone dense granules; dense lumen’ 
Increase in circumscribed Diffuse increase; arranged in 
: I 
4 


plex has a normal shape and possesses a 
well-defined boundary (Fig. 5). 

Another form of nuclear response is seen 
in lenses 14 days after irradiation. The 
karyoplasm becomes condensed to intranu- 
clear clumps which are detached from the 
nuclear boundary. No nucleoli are recog- 
nized in such instances. The nuclear mem- 
brane may be of normal character, or it 
may appear as a rather wide band of low 
opacity when it is sectioned in certain planes 
(Fig. 12). Many prominent stomata, about 
500 A. in diameter, are disposed along the 
circumference of such a boundary. Also, 
some of the small masses of nucleoplasm 
outside the main nucleus may possess a 
similar, perforated contour. At this phase, 
some cells contain two or three accessory 
nuclei (Fig. 9). Their fine structure re- 
sembles that of normal nuclei; they contain 
profiles similar to nucleoli composed of 
dense, tightly aggregated granules but lack 
the usual arrangement in coils. 

Mitochondria.—Mitochondria in normal 
lens epithelial cells are observed as round 
or oval profiles of a maximal diameter of 
1.0u. Occasionally, 24 hours after expo- 
sure, the ends of mitochondria appear 
conically tapered without definite increase 
in the over-all length. 

After four days, a few thin, longitudinally 
lamellated structures are seen and reach a 
maximal length of 3u. They are bounded 
by a membrane, and their ends can be either 
tapered or slightly distended (Fig. 15). 
Their identification as mitochondria rests 
mainly upon the presence of internal pro- 
files similar to cristae. Observations in later 
phases confirm this interpretation. 

Ten days after irradiation, a mitochon- 
drion in one portion can be thin and lamel- 
lated resembling the structures seen after 
four days, while the other part can be en- 
larged to a club or hammer shape (Figs. 
17, 18, 19, and 20). In these distended 
segments the spacing between the contours 
of one individual crista may measure as 
much as 500 A. (Fig. 21). In other in- 
stances, mitochondria exhibit an over-all 


82/980 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


increase in size and a decreased opacity of 
all contours (Figs. 5 and 16). Sometimes 
the larger mitochondria have fine, granular 
material dispersed in their matrix between 
the cristae (Figs. 5 and 21). A diffuse or 
partial distension of the cristae often occurs, 
together with their displacement toward the 
periphery of the mitochondrion (Fig. 16). 

At the two week’s interval, sections of 
lenses generally exhibit mitochondrial 
changes similar to those observed in the 
preceding phases. In some cells there is a 
considerable decrease in the number of mito- 
chondria (Figs. 12, 13, and 14) coincident 
with marked radiation effects on the endo- 
plasmic reticulum and increase of low- 
density elements. 

Endoplasmic Reticulum.—Changes of the 
rough surfaced endoplasmic reticulum are 
first visible 10 days after irradiation. At 
this stage many small, vesicular profiles 
with attached dense granules are found in 
the equatorial zone, whereas they are rarely 
seen in this region in normal epithelium 
(Fig. 4). 

The changes of this structure are more 
pronounced 14 days after exposure to 
x-rays. Its membranous profiles are ir- 
regular, and their intracysternal spaces large 
and opaque. The number of dense 
granules attached to membranes is markedly 
increased, as is the number of small clusters 
of isolated granules (Fig. 13). These forms 
are most prominent in cells which also show 
the nucleoplasm clumped and _ retracted 
from the nuclear membrane (Fig. 12). In 
addition, such cells contain few cytoplasmic 
components other than endoplasmic retic- 
ulum and elements of low density, as de- 
scribed in the paragraph on mitochondria. 

No deviations are noticed in the appear- 
ance or amount of smooth surfaced endo- 
plasmic reticulum. 

Golgi Complex.—Throughout the series 
of irradiated lenses studied, the Golgi com- 
plex retains its usual configuration, loca- 
tion, and individual constituents. 

Cytoplasmic Ground Substance, Low- 
Density Elements, and Intercellular Rela- 
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tionship. -In the examined material, the 
formed cytoplasmic elements are more 
widely spaced in a matrix that is less dense 
than usual. As a result, the structures of 
normally low opacity show increased con- 
trast. This condition is most pronounced 
in the earlier phases and is more prominent 
in the subcapsular layers than in deeper 
areas. A similar phenomenon is noted in 
the adjacent lens capsule where fine lamellar 
profiles are discernible (Fig. 21). 

Ten days after x-ray treatment fila- 
mentous structures of low density increase 
in number. At this time, circumscribed 
areas of cytoplasm in the vicinity of the 
nucleus as well as in the cell periphery seem 
devoid of other formed structures (Figs. 2 
and 4). After 14 days the cytoplasm of a 
cell may be largely occupied by these ele- 
ments, which occasionally are arranged in 
parallel rows. As already stated, they and 
the rough surfaced endoplasmic reticulum 
are the preponderant configurations in the 
cytoplasm of such cells (Fig. 13). 

At the 10-day interval an inclusion is 
frequently observed which cannot be identi- 
fied as one of the commonly recognized 
cytoplasmic structures. It consists of a loose 
aggregate of small, elongated profiles which 
are very dense and tortuous, ranging in 
thickness from 200 to 250 A. (Figs. 21, 22, 
and 23). They are either completely opaque 
and homogenous or have a less dense core. 
They are located in proximity of inter- 
digitating cell processes near the lens cap- 
sule and are often closely associated with 
cell membranes. 

In the specimens studied 24 hours after 
irradiation, cell membranes sometimes seem 
less opaque over a short distance, and after 
the 10-day interval, there is often an in- 
crease of intercellular spacing to 500 A. 
(Fig. 14). 


Comment 


A single exposure of the eye to the x-ray 
beam or to other types of ionizing radia- 
tions is thought to elicit initially a sequence 
of nuclear changes in the lens epithelium. 
Dose dependency and time course of this 
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injury to the epithelial cells have been 
studied most thoroughly in adult rabbits 
by examining whole mounts of the mono- 
layered epithelium subsequent to the Feulgen 
reaction. With this specific stain, cyto- 
plasmic changes are noticed only if they 
consist of the deposition of DNA-contain- 
ing material or of extensive vacuolic de- 
generation in later stages. Signs of nuclear 
fragmentation are clearly evident 24 hours 
after exposure to x-ray levels from 1,000 
to 2,000 r. The counts of degenerate cells 
increase at the 10-day interval, when 
mitotic recovery is complete; they rise 
steeply two weeks after irradiation, at which 
time cell division is in an overcompensating 
phase. 

The possibility of correlating the results 
obtained with the two methods employed in 
this study is limited. Such a correlation is 
restricted to those formations which, under 
the light microscope, are Feulgen-positive 
and which exhibit nucleoplasmic character- 
istics in the electron beam. No comparisons 
are feasible regarding cytoplasmic constit- 
uents resolved by the electron microscope 
and the quantitative evaluations of nuclear 
changes made possible by the flat-mount 
technique. 

The electron microscopic studies on ir- 
radiated lens epithelium reveal structural 
changes ranging from slight alteration of 
individual cell elements to a total disar- 
rangement of cellular organization. Some 
cells show partial disintegration and the 
emergence of fine structures which cannot 
positively be identified with any preexistent 
constituents. The observations indicate that 
with the exception of the Golgi complex all 
cellular structures gradually become in- 
volved in the cell responses to the irradia- 
tion. 

The first detectable changes probably take 
place in the nuclei and find their morpho- 
logical expression in the displacement and 
structural rearrangement of nucleolar ele- 
ments. At the same time, some parts of the 
mitochondrial profiles assume a more fila- 
ment-like shape. The significance of this 
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minor change is in itself doubtful, since, 
even under standard conditions, morpho- 
logical characteristics of these particles vary 
in the different regions of the lens. Never- 
theless, a conically tapered appearance of 
mitochondria might be interpreted as an 
initial step towards more conspicuous trans- 
formations seen at later stages. In addition 
to the slight changes of the formed ele- 
ments, there is, at the earliest interval, a 
decrease in density of the plasma matrix 
together with a somewhat wider spacing 
between individual cell particles. This is 
especially apparent in the subcapsular region 
and in the adjacent capsule. It persists to 
various degrees throughout the stages ex- 
amined in the investigation. It is difficult 
to attribute a definite pathognomonic im- 
portance to this phenomenon, since it may 
result from an altered reactivity of the tis- 
sue to the fixative as a consequence of 
irradiation or it might be an artifact due 
to the preparative procedure. 

Irradiation-induced nuclear changes are 
infrequent at the four-day interval. Some 
structural properties, such as density of 
nucleoplasm, nuclear boundary, and the 
number of nuclei per cell, do, however, 
deviate from the normal condition. A more 
conspicuous irradiation effect is seen in the 
cytoplasm at that time in the form of long, 
lamellated structures which might derive 
from mitochondria. This interpretation is 
suggested by observations at the 10-day 
interval on mitochondria with similar, 
flattened, multilaminar portions. They 
closely resemble elements which in another 
tissue are described as mitochondrial 
variants.® 


Several other signs of cytopathology are 
observed 10 to 14 days after irradiation in 
epithelial cells. Nuclear changes, observed 
in both mono- and multinucleated cells, in- 
volve the shape of the nucleus, character- 
istics of the membrane, and the karyoplasm, 
as well as the site and configuration of 


nucleoli. They have their correlates in 
light microscopic observations on flat 
mounts. The intricate paranuclear com- 
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plexes, observed once after 24 hours, are 
more frequently seen at the 10-day interval. 
Their dense, granular, oval profiles are 
comparable to structures in deeper lens 
fibers where they are interpreted as rem- 
nants or fragments of nuclei undergoing 
physiological involution. It is assumed, 
therefore, that these parts of the ag- 
glomerate also derive from nuclear ele- 
ments. The other more homogenous and 
less dense formations as well as the very 
dense, irregular profiles contained in these 
agglomerates cannot be identified with any 
of the preexistent cell constituents. It is 
reasonable to conclude that the dense part 
of the agglomerates corresponds to the 
coarse, deeply Feulgen-stained clumps seen 
in flat mounts. The homogenous, less dense 
material may correspond to the unstained 
halos and represent a nonchromatic part 
of the nucleoplasm. 


In other organs, various experimental and 
pathological conditions, including irradia- 
tion effects,!""* show mitochondrial changes 
similar to those observed in lens epithelium. 
However, they cannot be accurately com- 
pared, since, even under normal circum- 
stances, the appearance of mitochondria 
varies considerably from one organ to the 
other, although there is a common, basic 
pattern of organization. 

In the two later phases postirradiation 
effects also involve the endoplasmic retic- 
ulum. At first, there is an increase in 
quantity, although the normal morphology 
is retained. Subsequently, the profiles be- 
come irregular and show a marked increase 
in the number of attached, dense granules 
as well as a greater opacity of the intra- 
cysternal lumen. Also, the amount of 
low-density elements is greater, first in cir- 
cumscribed areas and later throughout the 
entire cell. Such elements have been identi- 
fied in lens fibers and are associated with 
the soluble lens proteins.’® 

In order to designate the small, tortuous, 
elongated profiles, first observed at the 10- 
day interval, several characteristics have to 
be considered in addition to their size and 
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configuration. They are found only in the 
vicinity of the lens capsule near interdigi- 
tating cell processes and are sometimes 
contiguous with cell membranes. They may 
be either arranged at random or aligned 
in the form of circles or ovals. Whether 
they originate from tortuous cell mem- 
branes, from mitochondria, or the endo- 
plasmic reticulum cannot be ascertained. 
Their topographical relationship to cell 
boundaries as well as their organization 
suggests a provenience from cell mem- 
branes. On the other hand, they are similar 
to structures described in the fetal adrenal 
gland," where they are interpreted as 
smooth surfaced endoplasmic reticulum. 


Summary 


The eyes of young albino rabbits were 
irradiated with 1,500 r x-rays. The lens 
epithelium was examined 1, 4, 10, and 14 
days after the treatment with the light 
microscope, in the form of Feulgen-stained 
flat. mounts and with the electron micro- 
scope. 

Cells affected by ionizing radiation are 
randomly distributed throughout the epithe- 
lium but are more numerous in the equa- 
torial zone. The changes occur in all cell 
constituents except the Golgi complex and 
range from slight alterations of the indi- 
vidual components to partial disintegration 
of the whole cell. 


The lesions gradually 
increase with time after irradiation in ex- 
tent and in the number of structural ele- 
ments involved. Changes in the organization 


of nuclei, mitochondria, endo- 


plasmic reticulum, cell membranes, and the 
fine, low-density components are described 
in detail and correlated with the data re- 
sulting from the Feulgen reaction. 

Dr. J. Robert Andrews, National Cancer Insti- 
tute, assisted and gave permission to use the 
irradiation equipment; Mr. Henry L. Meyer, Na- 
tional Cancer Institute, and Mr. Leo L. Caravaggio, 
National Institute of Neurological Diseases and 
Blindness, gave technical assistance; Mr. Fred H. 
Meiller, National Institute of Neurological Dis- 
eases and Blindness, processed photographic prints. 


nucleoli, 
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Ophthalmology Branch, National Institute of 
Neurological Diseases and Blindness, National 
Institutes of Health (14). 
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Evaluation of Ocular Signs and Symptoms in 
Myasthenia Gravis 


N. S. SCHLEZINGER, M.D., and W. A. FAIRFAX, M.D., Philadelphia 


Although the neuromuscular disorder 
known as myasthenia gravis was first de- 
scribed in the seventeenth century, it was 
not until two centuries later that Erb? and 
Goldflam* firmly established the clinical 
features of this disease. During the next 
half century, references in the literature 
dealt mainly with the clinical and patho- 
logical aspects of the disease, and this in- 
formation is well summarized by Keschner 
and Strauss.* Relatively little progress was 
made in our understanding of the patho- 
genesis of myasthenia gravis until the ad- 
vent of the theory of chemical mediation of 
nerve impulses at synaptic junctions. With 
the recognition of the importance of acetyl- 
choline in the transmission of the nerve 
impulse at the motor end plate in striated 
muscles, there rapidly developed intense 
interest in both physiologic and patho- 
physiologic aspects of this mechanism. This 
interest has been maintained and has led to 
many significant advances in our knowledge 
with direct implications as far as the diag- 
nosis and treatment of myasthenia gravis 
is concerned. These concepts with regard 
to pathogenesis are described in the con- 
tributions to the symposium on myasthenia 
gravis by Nastuk,® Churchill-Davidson and 
Richardson,® and Johns et al.? Despite this 
progress in our understanding of the patho- 
genesis of myasthenia gravis, the etiology 
remains obscure. In this regard, the in- 
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cidence of thymic hyperplasia and thymomas 
have been provocative observations. 

It is doubtful that myasthenia gravis is 
increasing in frequency. It is more likely 
that the apparent increase is a consequence 
of improved recognition of the disease since 
the discovery of neostigmine as a potent 
remedy by Walker ® and its subsequent use 
as a diagnostic test.*2° More recently, 
edrophonium chloride (Tensilon chloride) 
administered intravenously has become 
available as a rapid and reliable alternative 
diagnostic test.4* The impetus that has 
been given to the problem of early diagnosis 
of myasthenia gravis emphasizes the im- 
portant role of the ophthalmologist. This is 
readily apparent when one considers that it 
has long been recognized that the initial 
symptoms most often appear in the extra- 
ocular muscles producing ptosis and variable 
diplopia. 

In recent years, several large series of 
cases of myasthenia gravis have been re- 
ported and the data analyzed from various 
standpoints. These reports have dealt pri- 
marily with patients who have been referred 
to general hospitals. Even so, there has 
been a gradually increasing recognition of 
a form of myasthenia gravis limited to the 
extraocular Tn comparison 
with such series, our series consists of pa- 
tients with myasthenia gravis who have been 
routinely admitted to an eye hospital and 
subsequently referred to the neurologist. 
Consequently, our series should be repre- 
sentative of the patients with myasthenia 
gravis who tend to present themselves to 
the ophthalmologist. 

A survey of the fifty-two patients in our 
series reveals an age incidence varying from 
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Fig. 1—Age and sex distribution in Wills Eye 
Hospital series, 


infancy to advanced age (Fig. 1). The 
youngest had an onset at 18 months, while 
the oldest had an onset at 75 years of age. 
The peak incidence in this series occurred 
in the third to fifth decades with a secon- 
dary peak in the seventh decade. It is well 
to remember that there is a congenital form 
of myasthenia gravis with onset at birth 
and which is characterized chiefly by a rather 
symmetrical bilateral external ophthalmo- 
paresis. An example of such a case (Fig. 2) 
has been observed in office practice and 
properly belongs in a series such as this 
because of referral by an ophthalmologist. 
It is noteworthy that a ptosis operation was 
recommended by a number of ophthalmolo- 
gists throughout the country based upon a 
presumptive clinical diagnosis of congenital 
ptosis, and ultimately the operation was per- 
formed on one eye before the diagnosis of 
myasthenia gravis was established. 

The sex incidence in this series (Fig. 1) 
is thirty-two men and twenty women which 
differs somewhat from the usually described 
equal sex ratio or slight preponderance of 
females. Generally, our series shows that 
the disease tends to affect females pre- 
dominantly at a younger age while the re- 
verse is true for males, and this is consistent 
with other reports." 


Fig. 2—A_five-year- 
old girl with congenital 
myasthenia gravis. A. Ap- 
pearance without medica- 
tion (prior to ptosis 
operation). B. Appear- 
ance with neostigmine 
medication (after ptosis 
operation). 
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The chief clinical manifestation of myas- 
thenia gravis is fatigability upon sustained 
effort of affected muscles. The initial symp- 
toms (Fig. 3) most often appear in the 
form of extraocular muscle pareses produc- 
ing ptosis and/or variable diplopia. Extra- 
ocular muscle involvement may be so severe 
occasionally as to produce complete external 
ophthalmoplegia (Fig. 4). Facial muscle 
involvement, at least to a minimal degree 
in the orbicularis oculi muscle region, ac- 
companies extraocular muscle pareses in al- 
most every instance. This is responsible 
for the characteristic myasthenic facies in 
which there is a tendency towards oblitera- 
tion of the normal folds, as well as a lack 
of compensatory furrowing of the forehead 
in the presence of ptosis. More widespread 
bulbar muscle involvement affecting the 
muscles of mastication, palate, pharynx, and 
larynx may be present initially, or more 
often constitute a further development dur- 
ing the course of illness. When the bulbar 
manifestations are conspicuous, it is reason- 


able to look upon such patients as having 
a “clinically malignant” form of myasthenia 
In some cases, weakness of the 
muscles of the extremities may represent 
an early and prominent feature, but only 
rarely is this unassociated with myasthenic 


gravis. 


symptoms in the extraocular or bulbar 
musculature. 

In the series of 50 patients available for 
evaluation during a three-year period ( Fig. 
5) 16 patients (32%) had ocular myas- 
thenia, while 34 patients (68%) had gen- 
eralized myasthenia. In the latter group are 
included 14 patients (28%) with bulbar 
myasthenic involvement. 

In our series, as might be expected, all 
patients manifested extraocular muscle in- 
volvement when first examined, but it is 
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Fig. 3.—Initial symptoms. 


interesting to note that in three instances a 
prior history of generalized fatigue and 
weakness was obtained which, in each case, 
had been disregarded. In one woman, these 
symptoms had been evident since adolescence 
in regular association with the menses and 
had antedated ocular myasthenic involve- 
ment by 20 years. A survey of our series 
shows that upon initial examination at the 
Wills Eye Hospital, 38 patients had involve- 
ment limited to the eyes, but further obser- 
vation of this group over a three-year period 
(Fig. 6) was limited to 36 cases because 
two patients failed to return for follow-up 
visits, and data regarding their first year 
course is not available. Within three years 


Fig. 4—A_ 58-year-old woman with bilateral 
external ophthalmoplegia. A. Without medication. 
B. After 1.5 mg. neostigmine intramuscularly. 
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20 cases had become generalized, leaving 16 
cases that did not become generalized. This 
latter group is referred to as “ocular,” al- 
though it must be remembered that slight 
facial muscle involvement in the region of 
the eyes is not excluded. It is our belief 
that this group is similar to those referred 
to as “ocular” in other reports.’> Some of 
these authors have indicated the ocular 
myasthenia group may be deserving of spe- 
cial consideration in terms of prognosis.’*'* 
Our series supports the concept that, after 
two or three years, it is likely that myas- 
thenia gravis limited to the eyes will remain 
ocular and therefore constitute relatively 
little threat to the life of the individual. Of 
the 20 patients who became generalized dur- 
ing a three-year period of observation, 17 
patients manifested this change during the 
first year, two patients during the second 
year, and only one patient during the third 
year. 

In our series of patients, the mode of 
onset has been insidious in the vast majority 
of cases (Table 1). There apparently was 
no difference in this regard between the 
generalized myasthenic group of patients 
and the ocular myasthenic group. Obviously 
the data in this respect depends largely upon 
the observation of the patient and our results 


OCULAR 


16 
(32%) 


Fig. 5.—Types of myasthenia gravis in Wills 
Eye Hospital series; a three-year survey in 50 
cases. 
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Number Developing 
Generalized Involvement 
SLIGHT | MODERATE | MARKED | TOTAL 


Duration 
(years) 


2 


3 


Fig. 6—Course of illness in group with initial 
involvement limited to the extraocular muscles. 


are based upon close questioning. The 
group of patients in whom the onset is 
indicated as rapid is arbitrarily limited to 
those in whom the appearance of initial 
symptoms occurred within a period of less 
than forty-eight hours. 

The initial ocular manifestation involved 
more than one extraocular muscle in the 
majority of cases, (Table 2) although the 
subjective complaint of the patient fre- 
quently was limited to the most obvious 
weakness such as a drooping eyelid, or 
transient diplopia. It is of interest to note 
that at the onset of their illness many pa- 
tients complained of visual difficulty which 
they described as blurring during ocular 
concentration and subsequently recognized 
as diplopia. Objective findings upon initial 
examination revealed twelve patients with 
only one eye involved, three of whom ex- 
hibited only ptosis. Eleven of these twelve 
patients were followed at least one year, 
and seven continued to have involvement 
limited to one eye only; two of these con- 
tinued to have only ptosis monocularly, 
indicating involvement of the levator palpe- 
brae alone. These two patients represent 
monosymptomatic myasthenia gravis, and 
one has been followed for nine years (Fig. 
7) without further spread of involvement, 
while the other has been under observation 
for five years. Of the remaining forty pa- 
tients with extraocular muscle pareses, the 
ocular myasthenic involvement in five cases 
was limited to bilateral ptosis. 

It is noteworthy that at the present time 
much emphasis is being placed upon the 
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diagnosis of intracranial aneurysm. A fre- 
quent sign of this disorder is extraocular 
muscle pareses. One patient in our series 
had been diagnosed as having an intracranial 
aneurysm, and had been operated upon be- 
fore referral to the Wills Eye Hospital; 
carotid artery ligation was performed. 
Therefore, it is apparent that myasthenia 
gravis will need to be considered in the 
differential diagnosis of cerebral aneurysm. 
The concurrence of myasthenia gravis 
and hyperthyroidism has been reported and 
the question of differential diagnosis com- 
mented upon.®.%21 The consensus of opin- 
ion among neurologists is that myasthenia 
gravis should be considered a separate dis- 
ease entity, even in those cases which have 
hyperthyroidism. Three patients in this 
series have had such a combination. One 
male with ocular myasthenia experienced a 
complete remission with the control of hy- 
perthyroidism that has persisted for seven 
years. One woman was not benefited by the 
control of hyperthyroidism and, because of 
rapidly progressive bulbar muscle involve- 
ment, was subjected to thymectomy with 
death occurring postoperatively. Another 
woman is currently responding favorably 
to methimazole (Tapazole) therapy. 
Pregnancy has been observed to have a 
variable effect upon myasthenia gravis.?*% 
In our series, two patients are known to 
have had pregnancies following the develop- 
ment of myasthenia gravis. One patient with 
ocular myasthenia manifested no change 


TABLE 2.—Extent of Extraocular Muscle 
Involvement 


Generalized 28 8 - 

Monocular Binocular 
Ptosis Only 3 5 - 
Multiple 
E.0.M. 9 35 
Pareses 
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during and after each of two pregnancies 
which resulted in the birth of a deformed 
child that died, and then a normal child. 
The other patient with generalized myas- 
thenia improved throughout pregnancy, but 
had a partial relapse subsequent to the birth 
of an infant, which died as a result of 
neonatal myasthenia that was not recognized 
by the obstetrician. 

The treatment for the vast majority of 
patients with myasthenia gravis in our 
series (Fig. 8) hzs consisted of either 
neostigmine or Mestinon, usually combined 
with ephedrine unless contraindicated. This 
therapy has proved to be satisfactory in 
controlling symptoms of the generalized and 
bulbar groups except when the bulbar mani- 
festations were so marked as to constitute 
a threat to life. In such instances, thymec- 
tomy was performed and seemed to be ef- 
fective in the younger age group that 
survived the operation. Most of the opera- 
tive deaths occurred in the period before 
adequate preoperative and postoperative care 
was arranged on the basis of close collabora- 
tion between the thoracic surgeon and 
neurologist. This was true in three of four 
deaths in our series that occurred in the 
immediate postoperative period. 

A survey of the ocular myasthenic pa- 
tients in our series demonstrates that the 
extraocular muscle involvement in many in- 
stances has been relatively refractory to 
neostigmine or Mestinon in terms of only 
partial subsidence with considerable resid- 
ual involvement. This results in a variable 
degree of persistent disability both from 
cosmetic and occupational standpoints. A 
noteworthy observation has been that corti- 
cotropin (ACTH) therapy administered in a 
total dosage of 600 mg., divided into single 
doses of 20 mg. every six hours, is highly 
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Fig. 7—A 30-year-old 
woman with monosymp- 
tomatic myasthenia gravis 
in the form of slight left 
ptosis. A. Without medi- 
cation. B. After 1.5 mg. 
neostigmine intramuscu- 
larly. 


effective ordinarily in reducing or eliminat- 
ing the extraocular muscle pareses. This 
beneficial result is observed, when it occurs, 
as a “rebound” phenomenon within forty- 
eight to seventy-two hours after the termi- 
nation of corticotropin therapy. The 
duration of the partial or complete remis- 
sion has varied from three to as long as 
twelve months. Relapse is to be expected, 
but in the ocular myasthenic group, it 
often may be delayed and may be relatively 
mild. When necessary corticotropin therapy 
has been repeated; the interval is usually not 
less than six months. Although corticotropin 
therapy understandably has been largely re- 
jected for the treatment of myasthenia gravis 
which is generalized, it would seem reason- 
able to continue its use in the treatment of 
selected patients with ocular myasthenia in 
whom the disability affecting the eyes can- 
not otherwise be adequately controlled. 


Summary 

A series of 52 patients with myasthenia 
gravis have been observed at the Wills Eye 
Hospital within the past 16 years. This 
series is considered to be representative of 
the patients with myasthenia gravis who 
would be apt to present themselves to the 
ophthalmologist. The entire series has been 
surveyed with regard to age and sex in- 
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Fig. 8.—Modes of therapy and results obtained. 
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cidence, mode of onset, course of illness, 
and treatment. 


Within a three-year period, 16 patients 
were observed to have myasthenic involve- 
ment which remained limited to the eyes. 
This “ocular” group appears to have a 
relatively good prognosis in terms of life 
expectancy. 

The treatment of ocular myasthenia may 
include corticotropin therapy in_ selected 
instances when extraocular muscle pareses 
are relatively refractory to neostigmine or 
Mestinon medication. 


255 S. 17th St. (3). 
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Agar Microelectrophoresis at High Tension of Soluble 


Lens Proteins in Cataract 


J. FRANCOIS, M.D., and M. RABAEY, M.D., Ghent. Belgium 


Various authors have demonstrated that 
the quantity of soluble lens proteins dimin- 
ishes in the course of development of a 
cataract, whereas the quantity of albumin 
increases, particularly in human specimens 
(Jess, 1913; Hektoen and Schulhof, 1924; 
Lavagna, 1926; Hertel, 1933; Jayle, Der- 
rien, and Ourgaud, 1944, and Dische and 
Zil, 1951). 

No exact data are available as yet, how- 
ever, as to the changes which the various 
soluble proteins are subject to in the course 
of opacification of the lens, and there is 
no certainty yet as to the fraction which 
is first and most markedly affected during 
this process. 

Investigations by Smelser and von Sall- 
mann (1949), into lenses from mice suf- 
fering from hereditary cataract, and those 
by Lewis and Moses (1950), into alloxan- 
induced cataract in rabbits, have been made 
with the aid of free electrophoresis accord- 
ing to Tiselius. 

1. Our investigations into the pathogene- 
sis of galactose cataract (1954) have shown 
that the wet weight of the lens is increased 
by about 50% as compared with the normal 
lens. In this respect it must be pointed out 
that, in our series, the lenticular opacities 
occurred early and showed rapid develop- 
ment. 

The ratio of the various soluble protein 
fractions, which were markedly reduced in 
quantity in galactose cataract, was studied 
by means of paper electrophoresis. 

In normal rats, the paper pherograms 
showed four to five components which may 
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be divided into three fractions. Fraction I 
corresponds with a-crystallin, In Fraction II 
we distinguished a more rapid and a slower 
component, the respective percentages being 
15% and 85%. In Fraction III, which pre- 
vails in the nucleus, two components are 
likewise sometimes distinguishable. 

In cataractous lenses the diminution of 
soluble proteins does not affect a single 
fraction, but involves the three fractions 
simultaneously and almost to the same ex- 
tent. In fact, and unless the opacity has 
become too extensive, the ratio between the 
three fractions in cataractous lenses is the 
same as that in normal lenses. 

Fig. 1—Paper electrophoresis of soluble pro- 


teins of the normal lens in rat; Nos. 1 to 4=total 
lens; No. 5=cortex; No. 6=nucleus. 
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When opacification is very marked the 
proportion is slightly modified in favor of 
Fraction I and at the cost of Fraction III. 
This fact is particularly evident in the case 
of chiefly nuclear opacities, and it is this 
circumstance which affords an explanation 
of the shift. If the soluble proteins have 
disappeared principally in the nuclear part 
(nuclear cataract), then the soluble proteins 
of the cortical part, where normally Frac- 
tion I is larger and Fraction III smaller, 
will predominate in the total lenticular ex- 
tract. 

With regard to the subdivision of Frac- 
tion II into two components, it can be said 
that the proportion of these components in 
the cataractous lens differs from that in 
the normal lens. 

Although there is no difference between 
normal and cataractous lens in the quanti- 
tative proportions between the soluble pro- 
teins, it can nonetheless be observed that 
important qualitative differences exist in the 
pherograms; it is these differences which 


make it possible immediately to differentiate 
between a cataractous and a normal lens 
(Figs. 1 and 3). 

It can be seen that the sharp separation 
between the various fractions disappears, 


the fractions widen, extend and become in- 
distinct. In the diagrams the peaks are 
largely curved (Figs. 2 and 4). 

Among other things, it is seen that a 
great many diagrams of cataractous lenses 
show more peaks than those of normal 
lenses. It is not uncommon to find seven 
to eight different peaks. The subdivision 
into several components concerns not only 
Fractions II and III but also Fraction I 
(a-crystallin). The significance of this “de- 
composition” into numerous components is 
still obscure, particularly since it is known 
that the protein composition of the mam- 
malian lens is complex and comprises three 
to four soluble fractions. 

It may well be that, in the course of 
cataract formation, certain protein fractions 
develop a new division. 

2. We have also examined rabbit lenses 
first exposed to x-rays (1500-2500 r), and 
then developing cataract after a latent period 
of two to four months. These investigations 
were particularly interesting as we could 
compare cataractous and normal lenses from 
the same animal. We compared whenever 
possible the lenticular weight, the total pro- 
tein value, the percentage of soluble pro- 


Fig. 2. — Diagram of the 
pherograms of Fig. 1. 
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Fig. ‘3.—Paper electrophoresis of soluble pro- 
teins of the cataractous lens in rat; No. 1 to 6= 
total lens; the lens No. 1 showed only slight diffuse 
opacities. 
teins, and the proportion of the various 
fractions after paper electrophoresis. 

(a) After irradiation, but during the 
latent period, before the occurrence of the 


Fig. 4.—Diagrams of the 
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first clinical signs of lenticular opacifica- 
tion, no change in the protein composition 
of the lens was demonstrable. 


(b) In rabbits exposed to 2000-2500 r, 
the weight of the cataractous lens was al- 
ways above that of the normal lens. The 
swelling was sometimes very marked, and 
the increase in lenticular weight was some- 
times over 30% in extreme cases. 

In view of this more or less marked in- 
crease in volume, the protein concentration 
in the cataractous lens might be expected 
to be less than that in the normal lens. 
This is in fact the case, but the difference 
in the majority of cases was more marked 
than could be explained on the basis of 
lenticular swelling exclusively. In all the 
cases examined, the total protein value of 
the cataractous lens was considerably lower 
than that of the normal lens. The total 
proteins in the cataractous lens, on the other 
hand, consist largely of insoluble albumin. 

It can be concluded, therefore, that cata- 
ract formation following x-ray treatment 
in rabbits is associated not only with an in- 
crease in albumin but also with the disap- 
pearance of part of the proteins. 

In rabbits exposed to no more than 1500 
r, cataract develops considerably slower 


pherograms of Fig. 2. 
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and only after a latent period of three to 
seven months, or longer. In these cases the 
lenticular volume is not increased. On the 
contrary, it decreases in such a manner as 
to suggest lenticular sclerosis. 

(c) Paper electrophoresis reveals three 
protein fractions in normal rabbits; the 
average percentages being 24.1% for Frac- 
tion I (a-crystallin), 51.6% for Fraction 
II, and 24.3% for Fraction III. 

We have given special attention to modi- 
fications in the proportion between these 
three fractions in the case of cataract pro- 
duced by x-rays. Unfortunately, we are 
unable to present averages; the results ob- 
tained were so variable that an average 
figure would have no significance whatever. 
On the other hand, it is sometimes impos- 
sible to distinguish in diagrams of cata- 
ractous lenses the three fractions of the 
normal lens. 

In certain cases Fraction I (a-crystallin) 
is the fraction best preserved. In other 
cases it is the slow fractions which con- 
stitute the larger part of the proteins. In 
the extreme cases where only a very small 
quantity of soluble proteins remains, these 
are seen to migrate to the place where 
Fraction III is normally encountered. 

Among other things, the pherograms 
showed changes similar to those seen in 
galactose cataract in rats (Figs. 5 and 6). 
The fractions were less sharply separated 
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and the peaks less high; the fractions them- 
selves were more extensive and more 
blurred. There was also considerable ad- 
sorption onto the filter paper during mi- 
gration. Many of the diagrams showed 
numerous peaks. This decomposition into 
multiple constituents was sometimes so 
marked, and always so variable, as to make 
it difficult or even impossible to distinguish 
the three normal iens fractions. 

Our investigations into human cataract 
have shown that the behavior of lenticular 
proteins was entirely different from that 
observed in animals. The majority of human 
cataracts examined by us were senile cata- 
racts. 

Let us first consider the data to be found 
in the literature. In a number of cases, 
Croisy (1952) found an increase in the 
most rapid fraction, whereas other cases 
showed decreases, and still other cases 
failed to show any difference between cata- 
ractous and normal lenses. Stemmerman 


(1953), and also Frezotti and Scagnetti 


(1957), observed absence or diminution of 
one of the two fractions which they ob- 
tained by paper electrophoresis at pH 6.6. 

In general, we have also seen differences 
between the pherograms of cataractous 
human lenses and normal human lenses, 
at least after very careful centrifugation of 
the lens extracts until a perfectly clear so- 
lution was obtained. 


Fig. 5.—Paper electrophoresis of 
soluble lens proteins in rabbit after 
irradiation. A=normal lens, B=ir- 
radiated lens (2,500 r). 
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Fig. ‘6—Paper electrophoresis of soluble lens 
proteins in rabbit after irradiation. A—=normal 
lens, B=irradiated lens (200 r+-500 r). 

The pherograms of cataractous lenses 
showed that the proteins migrate a little 
farther on filter paper than those of normal 
lenses. The zone over which the proteins 
are distributed is at the same time smaller 
because, and this is an important observa- 
tion, the slow constituents in particular 
were diminished (Figs. 7 and 8). 

As in the cataract cases the quantity of 
soluble proteins was reduced—it was 
hardly possible to speak of an increase in 
the more rapid constituents. These, too, 
migrated very close together as a rule, and 
separation of fractions was of‘en hardly 
discernible. 

In the majority of cataractous lenses ex- 
amined, the quantity of proteins was nearly 
the same as that in normal lenses. 
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The average wet weight of 14 normal 
lenses from subjects aged over 40 was 
221.7 mg., whereas that of 17 lenses with 
senile cataract amounted to 194.6 mg. The 
cataractous lenses therefore weighed a little 
less than did the normal lenses; the dif- 
ference, however, was minimal. 

The average level of protein nitrogen per 
lens was in the same manner a little larger 
in normal lenses (10.66 mg.) than in cata- 
ractous lenses (9.88 mg.). The quantity of 
protein nitrogen per 100 mg. fresh lenticu- 
lar substance, however, was the same in 
normal and in cataractous lenses (4.93 in 
the former and 5.05 mg. in the latter). 

Only in some cases of far advanced cata- 
ract was a certain quantity of protein elim- 
inated from the lens. 

However, that which should be chiefly 
taken into account in senile cataract is the 
transformation of soluble proteins into in- 
soluble albumin. 

In normal lenses at a given age, the per- 
centages of soluble proteins show no great 
variations. There is a slight decrease, how- 
ever, with increasing age (up to about 
70% ). The results with regard to catarac- 
tous lenses are considerably more irregular. 


Fig. 7—Paper electrophoresis of soluble proteins 
of the normal lens in a man aged 50. 
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Fig. 8.—Paper eiectrophoresis of soluble proteins 
of the cataractous lens in a man aged 72. 


In some cases, in which the opacification 
is still incipient, the percentage of soluble 
proteins is the same as that in normal lenses 
of the same age group. In the majority of 
cases, however, the level of soluble pro- 
teins per 100 mg. of lenticular substance 
is more or less markedly reduced. In cer- 
tain cases the percentage found does not 
exceed 20%-30%. All values between this 
level and the normal level may be en- 
countered, 

Agar microelectrophoresis at normal tem- 
perature makes it possible to obtain a 


sharper separation of lenticular protein 
fractions (Wieme and Rabaey, 1956), not 
only in animals but also in human subjects. 

In children, for example, at least 10 
fractions (Fig. 9) can be obtained by this 
technique (Francois and Rabaey, 1957). 

For aged or cataractous lenses this tech- 
nique is not yet entirely satisfactory, par- 
ticularly if it is used to obtain comparable 
quantitative data. 


3. Thanks to a perfected technique 
(Frangois and Rabaey, 1958) of electro- 
phoresis at low temperature (4 C) and high 
tension (potential gradient of electric field 
20-40 volts per cm.), however, it has be- 
come possible again to increase perceptibly 
the power of separation. The soluble pro- 
teins of the lens in children can thus be 
separated into 14 different fractions (Figs. 
10 and 11); it has also become possible to 
submit pherograms of aged and cataractous 
lenses to quantitative fractionation (Fig. 
12). 

If quantitative comparison of data ob- 
tained is to be possible, the fractions ob- 
tained in the pherograms must be divided 
into groups of different mobility (Table). 
The e@-crystallin fraction has a relative mo- 
bility of about 0.90 * and generally is ex- 


* The mobility values given are relative to those 
of human serum albumin, the mobility of which is 
considered to equal +1. The zero point is indicated 
by dextran. 


Fig. 9—Agar microelectrophoresis of soluble lens proteins in a child aged 14 months. 


Temperature: 25 C; potential gradient of electric field 10 volts per cm, during 25 minutes. 
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TaBLe—Zones of Mobility of the Various 
Fractions and Groups of Fractions 


Mobility Per 
Fraction 


Mobility Per Group 
of Fractions 


>11 

0.75—-—1.1 

0.44-—-—90.53 
0.34--—90.44 
0.25+-—90.34 


0.75—-—1.1 


Rapid fractions R 
a-Crystallin 
Fraction Ml 
Fraction M2 
Fraction M3 
Fraction V1 
Fraction V2 
Traction T 
Fraction 8 


0.44+-—90.73 


0.25+--—+0.44 


0.17+-—90.25 


tensive when aged lenses are concerned. 
The rapid fractions are those whose relative 
mobility exceeds 1.1. The three groups M3, 
Mo, and Ms, which are also rather exten- 
sive, have a mobility which is less than that 
of a-crystallin. They are followed by 
groups V; and V2, which are readily sepa- 
rated in children and adolescents, but offer 
greater difficulty in aged subjects. Next 
comes peak T, which is seen at a very 
marked band, at the slow fractions S; and 
S2 


It is a striking fact that part of the 


a-crystallin from aged lenses shows little or 
no migration in agar even after prolonged 
centrifugation of the lens extracts. This 
protein remains on or near the starting line. 
We have designated this a semisoluble 
e-crystallin, which owes its appearance to 
polymerization which progresses with in- 
creasing age. 

Some 40 cataractous lenses were ex- 
amined by agar electrophoresis at high 
tension (Fig. 13), with quantitative de- 
termination of the importance of the vari- 
ous fractions in 23. 

In the majority of cataractous lenses the 
percentage of soluble proteins was lower 
than that in normal lenses of the same 
age, as a result of the transformation of 
part of the soluble proteins into insoluble 
albumin, This does not hold true, however, 
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for all such lenses as show opacities. The 
pherograms and the quantitative data show 
that, in these cases, there is no difference 
between the cataractous lens and the normal 
lens of identical age. 

Reviewing the quantitative data we find 
that, in principle, all fractions may be di- 
minished in cataractous lenses. This di- 
minution is most marked, however, and 
most regular in the fractions of low mo- 
bility (groups S, T, and, to a certain extent, 
V1 and V2). The average fractions (M) 
show the least modifications; it is only 
in exceptional cases where the percentage 
of soluble proteins is minimal that these 
are also diminished. In nearly all catarac- 
tous lenses the total quantity of e-crystallin 
(soluble and semisoluble) is smaller than 
that in normal lenses. In the majority of 
cataractous lenses the quantity of semi- 
soluble a-crystallin is also smaller than that 
in normal lenses. 

During insolubilization of proteins at the 
start of cataract formation (a process which 
largely takes place at the cost of the 
fractions of low mobility), semisoluble a- 
crystallin, which is already markedly poly- 
merized, is precipitated at the same time. 

It must be pointed out that the phenom- 
ena concerning proteins early in the course 
of senile cataract formation are to a certain 
extent similar to those seen in the course 
of the process of aging of the lens, the 
difference being that they are accelerated. 
In the normal lens there is also a diminu- 
tion of the quantity of fractions of low 
mobility as the subject advances in age; this 
diminution, however, is more intensive in 
the cataractous lens. 

In the final stage of cataract formation 
(total cataract), other manifestations can 
be observed. Not only is there a marked 
decrease in the quantity of soluble pro- 
teins, but there is also a decrease in the 


—— — 


Fig. 10.—Agar microelectrophoresis 
of soluble lens proteins in a neonate. 
Temperature 4 C.; potential gradient 
of electric field 20 volts per cm. dur- 
ing 25 minutes. 
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total proiein level per 100 mg. lenticular 
substance. The pherograms meanwhile show 
that e-crystallin is always present in a 
relatively high concentration whereas ali 
other fractions (including the M fractions) 
are markedly diminished. Only fraction T 
is still recognizable by a well-circumscribed 
band. In group V, too, a marked band is 
sometimes seen to occur. 

It may be concluded that, in the stage of 
complete cataract, a nonspecific progress be- 
gins which renders lenticular proteins in- 
soluble and removes them from the lens. 
Only a-crystallin constitutes an exception 


Fig. 11.—Diagram of the pherogram of Figure 10. 


to this rule; it presents the major portion 
of the soluble proteins still present in the 
lens. 


Summary 

Cataract is due to opacification of the 
lenticular tissue associated with an irregular 
modification on the index of refraction, the 
increase of which is chiefly determined by 
the protein concentration. 

The total protein concentration in a cata- 
ractous lens hardly differs from that in a 
normal lens of the same age. However, 
whereas the percentage of soluble proteins 


Fig. 12—Agar microelectrophoresis of sol- 
uble proteins of human lenses of different age. 
A=4 years; B=35 years; C=58 years; D=70 
years. 
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in a normal lens of certain age remains 
constant within certain limits, this percent- 
age shows marked variations in the cata- 
ractous lens. It can be stated, in general, 
that the percentage is smaller as the cataract 
formation is more advanced. The old meth- 
ods of fractionation are meanwhile incapable 
of providing information as to which pro- 
tein fraction is the first or the most marked- 
ly affected. 

Paper electrophoresis separates the vari- 
ous fractions of the proteins in the adult 
lens in a very rudimentary fashion, and 
affords no opportunity to demonstrate with 
certainty a difference between the normal 
and the cataractous lens. 

A new technique of agar microelectro- 
phoresis at high tension, has 
enabled us to obtain very advanced frac- 
tionation (at the same time very rapid), both 
in normal and in cataractous lenses. By this 
technique we have been able to separate 
lenticular proteins into numerous fractions 


however, 


(9) or several groups of fractions (6). 


Fig. 13—Agar microelectrophoresis of soluble 
proteins of human cataractous lenses. 


In principle, all fractions may be dimin- 
ished in cataractous lenses; this diminution, 
however, is most marked and most regular 
in the fractions of low mobility, at the cost 
of which the proteins are rendered insoluble 
at the beginning of cataract formation. 


The protein changes seen at the begin- 
ning of senile cataract formation are analo- 
gous to those observed in the course of 
lenticular aging, the difference being that 
they are accelerated. 


In the final stage of lenticular opacifi- 
cation, the total protein concentration de- 
creases due to removal from the lens. The 
only exception to this rule is found in 
e-crystallin. 


2, Avenue Pasteur. 
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PRINCIPLES OF ELECTRON MICROSCOPY 


Fig. 2—Thin section of an osmium tetroxide-fixed, methacrylate-embedded epithelial cell. 
Portions of the nucless (NUC) with the nuclear membrane (NM) are seen. In the adjacent 


cytoplasm are mitochondria (M) showing characteristic double membranes. Magnification 
x 54,000. 


9 ae See on this page and page 1002 are for the article on pp. 931 to 934 by 
ine et al. 


103/1001 


By 
— 
if 
: 
7 
2 
Fine et at. 
| 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Fig. 3—T hin section of iris and stromal cells. 


Within the nonpigmented cell is its nucleus (NUC), the cytoplasm with its mitochondria (M), 
and portions of a-cytomembranes (4). On either side of this cell are portions of pigmented 
cell cytoplasm, —! pigment granules. Collagen fibrils (CF) are seen extracellularly. 
Magnification 13 


Fig. 5.—Pigment granules and collagen fibrils 
isolated by centrifugation from homogenized 
formalin-fixed human iris stroma then shadow- 
cast with uranium. In this negative print the pig- 
ment granules appear white and their shadows 
black, while in Figure 3, a positive print, the 
granules appear black; Magnification x 13,800. 
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Fig. 1—Light micrograph of a ciliary process, human eye. Yamashita, Cibis, and Becker, 
1959. 800. 


Fig. 2—Higher magnification of a part of Figure 1. ¢ indicates capillary; e/m, external 
limiting membrane ; pe, pigment epithelium; mpe, nonpigmented epithelium; t/m, internal limiting 
membrane; pc, posterior chamber. X 1, 
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Fig. 3.—Survey of a ciliary process, electron micrograph. c indicates capillary; s, ciliary 
stroma; pe, pigment epithelium with nucleus (m),; mpe, nonpigmented epithelium with. nuclei 
(n), pc, posterior chamber. Rabbit eye; X< 10,000. 
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Fig. 4.—Apical part of the pigmented epithelium (pe), the nonpigmented epithelium (mpe), 
internal limiting membrane (1/m), and posterior chamber (pc). m indicates nuclei. Human eye; 
10,000. 
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Bi 
{ Fig. 5.—8-Cytomembranes (8-cm) in the nonpigmented epithelium. pc indicates posterior 
ss chamber; m, mitochondria. Rabbit eye; X< 50,100. Reproduced from Holmberg, A.: Thesis, 


Stockholm, 1957. 
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Fig. 6—-Cytomembranes (8-cm) in the nonpigmented epithelium. i/m indicates internal 
limiting membrane. Human eye; X 42,200 
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Fig. 7—Highly folded cell border (cb) in the n indicates 
mitoch: ; pc, posterior chamber. The arrows indicate the internal limitin membrane. 
Rabbit eye: X 57,600. Reproduced from Holmberg, A.: Thesis, Stockholm, 195 
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Fig. 8—Apical part of the pigment epithelium (fe) and basal part of nonpigmented 
epithelium (npe). m and m indicate nuclei; m, mitochondria; ga, Golgi apparatus; g, granula; cb, 
cell border. The arrows indicate the terminal bars. Note the difference in density of the two 
epithelia. Rabbit eye; < 41,000. Reproduced from Holmberg, A.: Thesis, Stockholm, 1957. 
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Fig. 9.—a-Cytomembranes (arrows) in the nonpigmented epithelium. cb indicates cell border ; 
n, nucleus. Rabbit eye; < 47,100. 
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Fig. 10.—Basal part of the nonpigmented epithelium (mpe) and a small part of the pig- 
ment epithelium (pe). The arrow indicates a group of a-cytomembranes. m indicates 
mitochondria; ga, Golgi apparatus; m, nucleus. Two aggregates of osmiophilic granules are 
seen in the central part of the picture. Human eye; X 30,000 
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Fig. 13.—8-cytomembranes (8-cm) and vesicles arranged in rows (arrows) in the non- 
pigmented ?— pe indicates posterior chamber. Rabbit eye; X 94,000. Reproduced from 


Holmberg, Thesis, Stockholm, 1957. ‘ 
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in the nonpigmented epithelium. g indicates granula. Rabbit eye; 
x 

Fig. 14—-cytomembranes (f8-cm) in the pigment epithelium. c indicates ciliary stroma; 
n, nucleus. Note the thin external limiting membrane (elm) as compared with Figure 19. 
Rabbit eye; X 50,400. 
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Fig. 15.—f-cytomembranes (8-cm) in the pigment epithelium. e/m indicates external limiting 
membrane. Human eye; X 71,000. 
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Fig. 16—Basal part of the pigment epithelium with a very folded cell border (cb). elm 
indicates external limiting membrane; B-cm, B-cytomembranes; pg, pigment granules. Human 


eye; X 36,100. 
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Fig. 17—Part of the pigment epithelium with spherical and egg-shaped pigment granules. 
Note the difference in pigment content in the granules labelled 1-5. m indicates mitochondria. 
Rabbit eye; < 67,000. 
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Fig. 18.—Pigment epithelium (pe) from an albino rabbit. There are several granules ©) 
with small black grains in their wr substance. ga indicates Golgi apparatus; npe, nonpig- 
mented epithelium; cb, cell border. 54,600. 
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Fig. 19.—Survey picture of the central part of a ciliary process. c indicates capillary; s, 
ciliary stroma; e/m, external limiting membrane; pe, basal part of the pigment epithelium with 
a nucleus (m). The surface of the epithelium is irregular with many cytoplasmic extensions 
(arrow). Human eye; X 14,500 
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Fig. 20.—Basal part of the nonpigmented (mpe) epithelium in a 30-day-old rabbit. Note the 
great number of vesicles in the Golgi region (ga). m indicates nucleus; pe, pigment epithelium. 


30,000. 
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Fig. 21.—The pigment epithelium (pe) and the nonpigmented epithelium (npe) in a one- 
day-old rabbit. » and m indicate nuclei; pc, posterior chamber. Note the apical position of the 
nuclei in the nonpigmented epithelium. Note further the dense cytoplasm of the nonpigmented 
epithelium. > 8,000. 
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Fig. 22.—The pigment (pe) and the nonpigmented epithelium (mpe) in a 30-day-old rabbit. 
¢ indicates capillary; s, ciliary stroma; m and m, nuclei; pc, posterior chamber. The nuclei in the 
nonpigmented epithelium have their usual basal location, and the cytoplasm of the nonpigmented 
epithelium is less dense. X< 8,000. 
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Fig. 23.—Apical part of the nonpigmented epithelium in a 30-day-old rabbit. There are a 
large number of vesicles arranged in rows in the cytoplasm above the nucleus (m). pc indicates 
posterior chamber. X 39,000. 
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Fig. 24.—Golgi apparatus (arrows) 15 minutes after intravenous administration of 
acetazolamide (10 mg. per kilogram). Note the large number of vesicles and the short membranes 
in the Golgi region. m indicates mitochondria. Compare Figure 11. Rabbit eye; > 72,000. 
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Fig. 25.—Part of the pigment (pe) and nonpigmented epithelium (mpe) 15 minutes after 


intravenous administration of acetazolamide (500 mg.). Note the large number of vesicles in 
the Golgi region (ga). Human eye; X 37,000. 
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Fig. 26.—Part of the pigment (pe) and setiidaiaied epithelium (npe) 15 minutes after 
intravenous administration of acetazolamide (10 mg. per kilogram). Note the difference in the 
E number of vesicles in the two epithelia. m indicates mitochondria; cb, cell border. Rabbit eye, 


71,000. 
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Fig. 27.—Part of the nonpigmented epithelium 15 minutes after intravenous administration of 
acetazolamide (10 mg. per kilogram) showing the enormous accumulation of vesicles in the 
cytoplasm. m indicates mitechondria; pc, posterior chamber. Rabbit eye; 61,000. Reproduced 
from Holmberg, A.: Thesis, Stockholm, 1957. 
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Fig. 28.—Basal part of the nonpigmented epithelium 15 minutes after intravenous injection 
of acetazolamide (500 mg.). As compared with Figure 27, there is no increase in the number of 
vesicles in the cytoplasm. ga indicates Golgi apparatus; m, mitochondria; m, nucleus. Human 
eye; X 51,600. 
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Fig. 29—Part of the pigment epithelium 15 minutes after intravenous injection of 
acetazolamide (500 mg.). Note the large number of vesicles in the cytoplasm. Human eye; 


,200. 
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Fig. 30.—Part of the nonpigmented epithelium 30 minutes after intravenous administration 
of acetazolamide (10 mg. per kilogram). The vesicles are regularly arranged in rows (arrows). 
n indicates nucleus; m, mitochondria; B-cm, B-cytomembranes; pc, posterior chamber. Rabbit 
eye; X 56,000. Reproduced frém Holmberg, A.: Thesis, Stockholm, 1957. 
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Rabbit eye; 110,000. Reproduced from Holmberg, A.: Thesis, 


he nonpigmented epithelium 60 minutes after intravenous administration 


of acetazolamide (10 mg. per kilogram) showing the regular arrangement of the vesicles. pc 


art of t 
cates posterior chamber. 
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CILIARY BODY CAPILLARIES 


Fig. 1—Survey picture of the central portion of a ciliary process with a part of a capillary 
(C), ciliary stroma (S), and the pigment epithelium (PE). Rabbit eye;  X 10,000. 


The figures on pp. 1033 to 1036 are for the article on pp. 949 to 951 by Holmberg. 
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Fig. 2—Survey picture from a human eye showing the relationship between the capillary 
(C), the external limiting membrane (ELM), and the pigment epithelium (PE); X 20,000. 
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CILIARY BODY CAPILLARIES 


Fig. 3.—Extremely thin capillary wall with a basement membrane (arrow). Where two 
cells border each other there is an overlapping (CB). C=capillary lumen. BC=red blood 
corpuscle. S=ciliary stroma. Rabbit eye; X 70,000. 


Fig. 4—Capillary wall with two endothelial cells overlapping each other. C=capillary 
lumen. S=ciliary stroma. Rabbit eye; X 67,000. 
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‘< Fig. 5.—Capillary endothelium with an elongated nucleus (N). Some mitochondria (M) 


and a Golgi apparatus (GA) are visible in the cytoplasm. C=capillary. lumen. S=ciliary 
stroma. Rabbit eye; >< 20,000. ‘ 


Fig. 6—Capillary wall with several pores (arrows). 
stroma. Rabbit eye; magnification & 55,000. 


lumen. S=ciliary 


Fig. 7—Capillary wall with two pores (arrows). C=capillary lumen. BC=part of a 
red blood corpuscle. S=ciliary stroma. Rabbit eye; X 
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ULTRASTRUCTURE OF CILIARY EPITHELIUM 


Fig. 1—Apical part of a nonpigmented cell (NPE) from a rabbit eye showing the thin 
internal limiting membrane (arrows). In the cytoplasm mitochondria (M) and B-cytomembrane 
(B-CM) are visible. PC indicates the posterior chamber; X 56,000. 


The figures on pp. 1037 to 1046 are for the article on pp. 952 to 955 by Holmberg. 
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_ Fig. 2—Apical part of a nonpigmented cell (NPE) from a human eye. Note the thick 
internal limiting membrane (JLM), which appears as a meshwork. Occasionally some of the 
meshes are filled with a homogenous material (arrow) PC indicates the posterior chamber ; 


X 54,000. 
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Fig. 3.—Apical part of a nonpigmented cell (NPE) from a human eye. The meshwork 
of the internal limiting membrane (J/LM) is clearly visible. In the cytoplasm mitochondria 
(M) and B-cytomembranes (8-CM) are visible; >< 30,000. 
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Fig. 4—Higher magnification of the internal limiting membrane from a human eye. The 
membrane is well defined from the posterior chamber (PC) by a continuous membrane. In 
the meshes there are sometimes encountered a dense homogenous substance (arrows). PC 
indicates the posterior chamber; >< 60,000. 
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ULTRASTRUCTURE OF CILIARY EPITHELIUM 


Fig. 5.—Apical part of a nonpigmented cell (NPE) from a human eye. Within restricted 
areas the internal limiting membrane is reduced in thickness to a single layer (arrows) as is 
the normal appearance of the same membrane in rabbit eye. Some B-cytomembranes (8-CM) 
appear in the cytoplasm; XX 53,000 
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Fig. 6.—Apical part of a nonpigmented cell (NPE) from a human eye. The internal 
limiting membrane (JM) is always found in the indentation between two adjacent cells. 
B-CM indicates B-cytomembranes in the cytoplasm; >< 46,000. 
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Fig. 7—Survey picture of the nal part of a ciliary process in a rabbit eye. In the left 
os lower corner a part of a capillary (C) is seen with red blood cells and a thin capillary wall. 
; The ciliary stroma (S) occupies the space between the capillary and the olgwenasd epithelium 

(PE). The arrows point to the external limiting membrane. NPE indicates the nonpigmented 
epithelium; 18,000. 
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rabbit eye. The arrows indicate the position of the very thin external limiting membrane. In 
the cytoplasm mitochondria (M) and a pigment granule are visible; 
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: Fig. 8—High magnification of the most basal part of a pigmented cell (PE) from a ae 


Fig. 9.—Survey picture of the basal part of a ciliary process from a human eye. A capillary 


(C) and the stroma (S) occupy the lower part of the picture. Between the stroma 
and the pigmented epithelium (PE) there is a surprisingly thick external limiting mem- 
brane (ELM). The surface of the pigmented cells is very irregular with large cytoplasmic 
extensions. Two nuclei (N) and pigment granules (PG) are seen in the pigmented cells. 


Magnification >< 20,000. 
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Fig. 10.—Basal part of a pigmented cell (PE) from a human eye. The external limiting 
membrane (ELM) is quite homogenous. The surface of the pigmented cell is very irregular. 
In the cytoplasm, some mitochondria (M) and B-cytomembrane (B8-LM) are seen, and in 
the right upper corner, a border (B) to an adjacent pigmented cell is visible; >< 50,000. 


Fig. 11—Middle and basal part of a nonpigmented cell (NPE) from a human eye. In 
the leit lower corner of the picture a small part of pigmented cell (PE) is visible. There is 
a great amount of heavily stained granules in the nonpigmented cell. Note how the granules 
in aggregates. 40,000 
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INNER WALL OF SCHLEMM’S CANAL 


Fig. 1—Survey picture of the outer part of the trabecular meshwork, Schlemm’s canal 
(SC), and part of the sclera (S) from a human eye. The inner wall of Schlemm’s canal con- 
sists of two endothelial linings, separated by a narrow space (W) in which one finds a 
homogenous material. In the lining next to Schlemm’s canal there are large spaces (SP), 
which appear closed. Beneath the wall some endothelial cells with nuclei (N) are visible. 
Individual trabeculae (7) and intertrabecular spaces (JS) are also seen; X 8,200. 


The figures on pp. 1047 to 1056 are for the article on pp. 956 to 958 by Holmberg. 
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Fig. 2.—Part of the inner wall in higher enanilichiians The space (W) between the two 
endothelial linings has open communication (arrow) with the intertrabecular spaces (/S). 
S=sclera, SC=Schlemm’s canal, SP=spaces in the endothelial lining next to Schlemm’s 
canal. Human eye; X 27,000 
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Fig. 3—Several spaces (SP) in the endothelial lining next to Schlemm’s canal. On this 
particular section they appear closed. SC=Schlemm’s canal, W= the space between the two 
endothelial linings. Note the homogenous material present in this space. Human eye; X 30,000. 
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Fs Fig. 4.—The space (SP) in the endothelial lining next to Schlemm’s canal (SC) has open 
9 communication with the space (W) between the two linings which forms the inner wall of 
Schlemm’s canal. Human eye; X 30,000. 
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Figs. 5-9.—Serial section through the endothelium (N= aclatis next to Schlemm’s canal 
(SC) with several spaces (in the previous figures indicated by SP) labeled A, B, C and D. 
Human eye; X 27,000 


Fig. 5.—All spaces appear closed. 
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Fig. 6.—A, B, and C communicate with each other. 
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INNER WALL OF SCHLEMM’S CANAL 


Fig. 7—B and C have nal. In this figure another 
space E has been visible. 
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Fig. 8.—B has still an opening to Schlemm’s canal. 
larger and closer to Schlemm’s canal. 


C has almost disappeared. D is much 
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Fig. 9.—A has still communication with B. B is closed and C has completely disappeared. 
Reduced 11% of original. 
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Fig. 10.—The outermost part of the trabecular meshwork from a monkey eye injected with 
saccharated iron 15 minutes before fixation. The inner wall is built in the same way as in 
human eye, with two endothelial linings separated by a narrow space (W). The iron particles 
(black dots) are localized only within areas where the homogenous material (gray background) 


is present. SC=Schlemm’s canal; 30,000. 
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Fig. 1—Section of the ciliary processes of a normal adult albino rabbit. The margin 
(at arrow) between the ciliary epithelial cells which face the posterior chamber (PC) is charac- 
terized by elaborate interdigitations of their limiting membranes. The amount of intercellular 
space (S) between these elaborated membranes varies greatly. The free surface of these 
cells is lined by the internal limiting membrane (/). Elements of the endoplasmic reticulum 
(ER) as well as mitochondria (M) are found in the cytoplasm; 26,500. 


The figures on pp. 1057 to 1066 are for the article on pp. 959 to 965 by Pappas et al. 
159/1057 


Fig. 2.—Portion of an epithelial cell from a ciliary process of a normal adult rabbit. The 
surface of the cell facing the posterior chamber (PC) is characterized by a large number 
of infoldings of the cell membrane. The internal limiting membrane (/) lines the free surface 
of these cells. Vesicular elements of the endoplasmic reticulum (ER) and mitochondria (M) 


are present; X 34, 
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Fig. 3.—Section of ciliary epithelium taken from newborn albino rabbit. Unlike the cells 
of the adult ciliary epithelium (Figures 1 and 2), these cells lack the elaborate interdigitated 
margins as well as the infoldings of the surface membrane facing the posterior chamber (PC). 
The internal limiting membrane lining the free surface of these cells can be seen at arrow. Cyto- 
plasmic constituents, such as the nucleus (N), mitochondria (M) and endoplasmic reticulum 


(ER), are present; X 11,000. 
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be seen; X 18,000. 
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ase Fig. 4.—Ciliary epithelium of a 7-day-old albino rabbit, showing the cells which face the - 
k —— chamber. The interdigitated margins which characterize the cells of the adult are first 
a, oming evident. The onset of aqueous secretion coincides with the appearance of these inter- cs 
5 digitations. Only a very few surface infoldings are found at this time. Nucleus (N), mitochon- oe 
3 dria (M), endoplasmic reticulum (ER), and the internal limiting membrane (at arrow) can be 
fe 


Fig. 5.—A portion of a capillary from a ciliary process of an adult albino rabbit. The 
endothelial cell boundary is very thin at the upper half of the micrograph. Note pores at arrows. 
The diameter of the pores is about 400 A. A basement membrane (BM) lines the surface 
of the endothelial cell which faces the connective tissue stroma (CT). Two erythrocytes 
(RBC) are found in the lumen of the capillary. The external limiting membrane (ELM) lines 
the basal portion of the pigment cell (P); X 24,000. 
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Fig. 6.— Adult iecy epithelial cells fixed 20 minutes after thorium dioxide was injected 
into the posterior chamber (PC). Thorium particles adhere to the internal limiting membrane 
lining the free surface of the cells. The infoldings contain thorium particles. It is evident 
that some reabsorption occurs in cell surface infoldings. Note that numerous vesicles in the 
cytoplasm also contain thorium (at arrows). M indicates mitochondria; x 36, 
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Sections (24 thick) of frozen dried ciliary epithelium photographed with the Zeiss fluores- 
cence microscope. The exciter filters used were the BG-12 and Corning No. 7-59. The 
ocular filter was the OG-5. This combination permitted a sharp color difference between 
areas where the fluorescein concentration was high (yellow) and areas where it was low 
and therefore masked by the blue tissue autofluorescence. The plate was recorded on Super 
Anscochrome (daylight type) at an exposure of 45 seconds, and an original magnification 
of x 500. 4, a fluorescence micrograph of normal adult ciliary epithelium which was frozen 
dried 40 minutes after the systemic injection of sodium fluoresceinate. Some fluorescein was 
visible in the aqueous at the time of enucleation. Yellow fluorescein can be seen adherent 
to the zonular fibers (above). It also appears as caps on the cells facing the posterior 
chamber in the area of the surface infoldings, and in the area corresponding 
to the division between the two cell layers. B, a fluorescence micrograph of the ciliary 
epithelium taken from an eye with an open fistula at the limbus. Systemic injection of 
the sodium fluoresceinate was followed by the almost immediate appearance of + nance fn 
in the aqueous. The eye was enucleated 5 minutes after the injection of sodium fluores- 
ceinate. The fluorescein appears to be in the basement membrane area, and in the area 
between cells which corresponds to the interdigitations. Negligible fluorescein appears 
in the region of the apical infoldings facing the posterior chamber. 
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Fig. 7.—Ciliary epithelium taken from adult rabbit three to four hours after a systemic 
injection of Shigella endotoxin. The aqueous humor appeared cloudy, indicating the presence 
of plasma proteins. It has been shown that under such circumstances the membrane elaborations 
of the cells facing the posterior chamber (PC) tend to disappear (Pappas and Smelser). 
Twenty minutes before fixation, thorium dioxide was injected into the posterior chamber. 
Unlike in the normal eye (Figure 6), the thorium adheres very poorly to the internal limiting 
membrane (/) lining the free surface of these cells. The mitochondria (M) as well as ele- 
ments of the endoplasmic reticulum (ER) are swollen; X 24,500. 
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Fig. 8—As in Figure 6, the ciliary epithelium shown in this electron micrograph was 
taken from an adult rabbit after systemic injection of endotoxin. However, in this case, the 
aqueous humor was clear, indicating that plasma proteins had not yet leaked through to a 
significant extent. Most of the infoldings are still present. The thorium particles, injected 
into the posterior chamber (PC), 20 minutes before fixation, do not adhere very well to the 
internal limiting membrane (/) lining the free surface of these cells. It is important to note 
that, although infoldings are still present, no thorium is found in them nor are vesicles con- 
taining thorium found in the cytoplasm. It appears likely that the remaining infoldings have 
lost their ability to reabsorb materials from the aqueous. M indicates mitochondria; X 42,000. 
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STEP-wise oF 
TRABECULAR SHEE 


Fig. 1—Diagram of trabeculae showing stepwise dissection of the trabecular sheets from 
anterior chamber to Schlemm’s canal. 


Fig. 2—Diagram showing the three planes of sectioning commonly used in studying 
trabeculae. 


MERIDIANAL OR 
ANTER/OR- POSTERIOR 
PLANE 


<——TANGENTIAL OR 
FLAT PLANE 


<——T/LTED FRONTAL PLANE 


The figures on pp. 1067 to 1076 are for the article on pp. 966 to 973 by Garron 
and Feeny. 
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Fig. 3.—(707-N-2-134) Photomicrograph of 1 thick section of trabeculae in tilted frontal 


plane showing: C, collagen core; 7S, intertrabecular space; RBC, red blood cells; P/G, pig- 
ment clumps; ENDO, endothelial nuclei; CC, granules, previously called “elastic fibers” ; 


< 1400; reduced 14% of the original. 
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Fig. 4—Lower power of 
Figure 3, Collagen core di- 
minishes in thickness as 
Schlemii’s canal approached. 
CST, corneoscleral trabecu- 
lae; DTT, pore tissue adja- 
cent to Schlemm’s canal; 
SC, Schlemm’s canal; UM, 
uveal fibers; > 175; re- 
duced 12% of the original. 
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Fig. 5.—(707-N-2-134) 
Photomicrograph of ly thick 
section of trabecular tissue 
in tilted frontal plane. C, 
collagen core; DTT, pore 
tissue of varying thicknesses ; 
SC, Schlemm’s canal; RBC, 
red blood cell trapped in 
opening from Schlemm’s 
canal; XX 560; reduced 12% 
of the original. 


Fig. 6—(707-N-2-132) Photomicrograph of 1 thick section of trabecular tissue in til 
frontal plane showing “vacuolated” cells on inner wall of canal (V). SC, Schlemm’s canal; 
reduced 14% of the original. 
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Fig. 7—Higher magnification of Figure 5 showing red blood cel 
cell is trapped in an opening from Schlemm’s canal while another is seen in an intertrabecular 
space. PIG, pigment granules; SC, Schlemm’s canal; ENDO, endothelial nucleus; X 1,400; 
reduced 14% of the original. 


Fig. 8.—(58-34) Photomicrograph of trabecular tissue sectioned in the meridional plane. 
Note “vacuoles” on inner wall of canal (V); reduced 14% of the original. 
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Fig. 9.—(857-18A) Elec- 
tron micrograph of uveal 
fiber. C, collagen fibers cut 
in cross section; CS, amor- 
phous cement substance; CC, 
irregular clumps of 1,000 
A.-banded materiel; ENDO, 
endothelium; BM, basement 
membrane. Section was 
treated with uranium ace- 
tate; < 5,000; reduced 14% 
of the original. 


Fig. 10—Diagrammatic representation of portions of two adjacent corneoscleral trabecular 
sheets showing appearance of cut sections in meridional and tilted frontal planes. 


TILTED FRONTAL 


PLAN 


INTERTRABECULAR 
SPACE 
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Fig. 11 .-—Diagrammatic representation of the electron microscopic appearance of a trabecu- 
lar sheet cut in meridional and tilted frontal planes. BM, basement membrane; C, collagen core 
cut longitudinally in tilted frontal section; S, sheath of 1,000 A.-banded fibers ; FF, fine fibers 
in homogeneous matrix; CC, clumped material showing 1,000 A. periodicity. Collagen fibers, 
C’, are cut in cross section when the trabeculae are sectioned in the meridional plane. 


Fig. 12.—(610-3D) Electron micrograph of tilted frontal section of trabecular sheet. 
ENDO, endothelium; BM, basement membrane; CC, clumps of banded material with 1,000 
A. periodicity; C, regular collagen cut longitudinally showing banding of approximately 640 A.; 
S, sheath of fibers showing 1,000 A. banding; * 11,000; reduced 14% of the avageeel. 


174/1072 


STUDY OF THE TRABECULAE 


Fig. 13.—(814-22B) Elec- 
tron micrograph of merid- 
ional section of trabecular 
sheet. C, collagen fibers cut 
in cross section; CS, cement 
substance around collagen fi- 
bers; CC, clumps of 1,000 
A.-banded material in ho- 
mogeneous matrix; ENDO, 
endothelium; BM, basement 
membrane; N, nucleus; 
< 12,000; reduced 14% of 
the original. 


Fig. 14—(610-4D) Electron micrograph of a tilted frontal section of trabecular sheet as it 
tapers down toward trabecular opening. CM, cell membrane; C, collagen fibers cut somewhat 
obliquely as they diverge above or below opening; X 11,000; reduced 16% of the original. 


Garron—Feeney 
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” Fig. 15. —(610-5D) ‘Electron merge of an diliene section oA a trabecular sheet showing 


components of oe matrix homogeneous matrix; 


F, 


fine fibers; CC —- 


material with 1,000 A. periodicity; C, regular collagen (640 A.); S, sheath with 1,000 A. 


periodicity; 11,400: reduced 14% of the original. 
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Fig. 16—(754-3B) Elec- 
tron micrograph showing in- 
ternal and external walls of 
Schlemm’s canal. Note thick 
basement membrane (BM) 
on the scleral side and its 
absence on trabecular side. 
SC, Schlemm’s canal; GS, 
ground substance; CYTO, 
endothelial cytoplasm; MIT, 
mitochondria; “vacuoliza- 
tion” of endothelial cyto- 
plasm; N, nucleus of 
endothelial cell; 7,500; 
reduced 12% of the original. 
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Fig. 17.—(523-24A) Elec- 
tron micrograph of inner 
wall of Schlemm’s canal 
showing “vacuoles” in en- 
dothelium. SC, Schlemm’s 
canal; V, “vacuoles”; GS, 
ground substance; N, nucleus 
of endothelial cell; RBC, 
portion of red blood cell in 
canal; > 11,000; reduced 
12% of the original. 


Fig. 18.—(523-46 A and B) Electron micrograph montage of several “vacuolated” endothelial 
cells on inner wall of Schlemm’s canal. N, nucleus; , vacuoles; MIT, mitochondria, These 
cells connect with inner wall in deeper sections; X< 6,000; reduced 16% of the original. 
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ULTRASTRUCTURE OF THE 


Fig. 1—Light micrograph of a radial sec- 
tion (1.54 thick) of rhesus monkey iris near 
the sphincter muscle. The anterior surface 
consists of loosely distributed pigmeited and 
nonpigmented cells, similar to the cells found 
throughout the stroma. Blood vessels in 
cross and oblique sections are found through- 
out the iris stroma. A group of nerve 
fibers (NF) mixed with stromal cells is 
seen near the left center of the micrograph. 
Adjacent to the dilator smooth muscle layer 
are the anterior and posterior layers of the 
pigment epithelium. Large pigment granules 
may be seen clearly in the cytoplasm of 
these cells. Osmium tetroxide fixation, 
methacrylate embedding, Giemsa staining ; 


< 305. 


Fig. 2—Electron micrograph showing stromal collagen fibrils (CF) with their charac- 
teristic 500-600 A. average axial periodicity. On the left is a thick portion of a stromal cell 
(SC). Rhesus monkey iris; 26,000. 


The figures on pp. 1077 to 1087 are for the article on pp. 974 to 976 by Tousimis 


and Fine. 


Tousimis and Fine 
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Fig. 3.--Collagen fibrils (CF) in the stroma of adult human iris. These fibrils have axial 
periodicities similar to those found in the monkey iris stroma; X 31,600. 


Fig. 4.—Portion of iris stroma (2-month-old child) near the dilator muscle. On the right 
is a part of a stromal cell (SC). Collagen fibrils (CF) are present in the stroma. Distributed 
among them are fine interfibrillar filaments (FS) and granules (GS); XX 13,000. 
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Fig. 5.—A typical large stromal blood vessel in cross section, found in the iris of the human 
adult. A large number of red blood cells (RBC) and one white blood cell (WBC) can be seen 
suspended in the center of the lumen. The vessel wall consists of the cell body and protoplasmic 
extensions of endothelial cells one layer thick. Surrounding the vessel, which has the charac- 
teristics of a large capillary, are the loosely arranged collagen fibrils (CF); X 2,830. 


Fig. 6—Elongated “spaces” or “canals” are frequently found between adjacent aggregates 
of stromal components. One of these traverses the field from the upper left to the lower right 
corner. Both the upper and lower aggregates in this micrograph consist of a blood vessel 
CAP), stromal cells, and collagen fiorils (CF). Drying patterns of some of the interfibrillar 
substance (GFS) can be seen throughout the electron micrograph and the lengthy “space.” 
Human adult iris; 2,830. 
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Fig. 7—A micrograph of adult human iris showing the “space” or “canal” present between 
two aggregates of stromal tissue. Within these aggregates are sectioned stromal cells. The 
drying patterns of interfibrillar substance (GFS) can be chserved within the “space” and 
throughout the adjacent stromal tissue aggregates; >< 2,830. 


Fig. 8.—Two adjacent stromal aggregates are shown in this micrograph of rhesus monkey 
iris. The lower aggregate consists of a large iris capillary (CAP) and its surrounding comple- 
ment of pigmented and nonpigmented stromal cells and loose collagen fibrils (CF). The upper 
stromal aggregate consists of a bundle of myelinated nerve fibers (MNF), stromal cells, and 
collagen fibrils. Interfibrillar material (GFS) is seen in the larger “spaces,” particularly in 
the long “space” between stromal aggregates. Rh monkey, middle one-third of stroma towards 
sphincter muscle; >< 2,830 
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Figs. 9 and 10.—Micrographs of rhesus monkey iris sectioned tangential to pupil about the 
middle one-third of the iris near the dilator muscle. Figure 10 is a continuation of Figure 9. 
Several aggregates are separated by long “spaces,” in one of which interfibrillar material 


(GFS) can be seen clearly. A capillary (CAP) in cross section is present in one of the ag- 
gregates or stromal bundles in Figure 9. Two such capillaries are seen in Figure 10, one of 
which has been sectioned somewhat longitudinally (CAP). Pigmented and nonpigmented 
stromal cells and collagen fibrils (CF) are in the stromal bundles; X 2,830. 
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Fig. 11—Anterior surface of the rhesus monkey iris consists of “loosely” arranged pig- 
mented and nonpigmented stromal cells in a matrix of collagen fibrils. Blood v«ssels (capillaries) 
are found near the surface (CAP). Numerous apertures—portions of the iris surface without 
cells—have been observed in both monkey and human irides. A large aperture is seen in this 
electron micrograph leading from the anterior chamber into the iris stroma (arrows). Collagen 
fibrils are loosely distributed within it. Similar fibrils are seen—without specific orientation 
—between the stromal cells; >< 2,830. 


Fig. 12.—Anterior surface of human iris (2-month-old child) is composed of both pig- 
mented (PC) and nonpigmented (NPC) cells with intercellular collagen fibrils (CF). These 
stromal cells, which form the anterior surface of the iris, are loosely arranged without any 
specific orientation. The apertures (arrows), originating on the surface, lead into interstitial 
spaces within the interior of the structure; 2,8 
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Fig. 13.—Anterior surface of adult human iris near the pupillary zone is composed of 
pigmented (PC) and nonpigmented cells (NPC), with relatively few collagen fibrils (CF) 
in between. Stromal cells with long cytoplasmic processes are present in the surface layer, as 
shown in this electron micrograph. These processes are cut both longitudinally and tangentially 
in this radial section of iris. Openings on the surface, resulting from such a loose arrangement 
of these cells, continue into the stroma proper; > 2,830 


Fig. 14.—Anterior surtace of the adult human iris near the sphincter muscle in some areas 
appears to be composed of more closely arranged stromal cells (PC, NPC). These cells do 
not have any true interdigitation. An aperture (AP) leads into the interior of the iris. The 
blood vessel (CAP) is very close to the surface and literally in the way of the intercellular 
space formed by the loose arrangement of the stromal cells. Collagen fibrils (CF) are seen in 
between the cells; X 2,830. 
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Fig. 15.—Electron microgr. .: showing a stromal blood vessel of a child’s iris, collagen 
fibrils (CF), an abundance of interfibrillar granular and filamentous substance (GFS), and 
pigmented (PC) and nonpigmented cells (NPC). Red blodd cells (RBC), surrounded by 
granular-appearing plasma (PL), are packed in the center of the vessel. Collagen fibrils sur- 
rounding the vessel do not have any specific orientation with respect to the neighboring cells or 
the vessel; 2,830. 


Fig. 16.—Longitudinal section of a blood vessel in the rhesus monkey iris. Its thin walls, 
characteristic of capillaries, are similar to those of the human iris. Red blood cells (RBC) are 
seen in the lumen in the center of the vessel suspended in the granular-appearing plasma (PL). 
Surrounding the capillary, in random orientation, are collagen fibrils (CF) and interfibrillar 
substances; 2,830. 
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Fig. 17.—Electron micrograph of a stromal bundle in the adult human iris containing 
myelinated nerve fibers (MNF) cut in cross section, together with aggregates of | stromal 
cells and collagen fibrils. Interfibrillar — (GFS) can be seen in the “spaces” of the 
upper right portion of the micrograph; x 2,830 


Fig. 18—A myelinated nerve fiber cut longitudinally in the stroma of the rhesus monkey 
iris. The typical laminations of the myelin sheath (MS) are not demonstrable in this “thick” 
section. The axoplasm, however, is seen to consist of many small filaments. A few narrow 
mitochondria (M) in linear arrangement are present in the axoplasm of the nerve fiber. Around 
the nerve are the collagen fibrils (CF), with an axial periodicity of 500-600 A., and portions 
of stromal celis; X< 7,600 
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Fig. 19—A higher magnification micrograph of a portion of Figure 4, showing some 
of the intercellular contents of the iris stroma of a 2-month-old child. Collagen fibrils (CF) 
are present on the upper left and a portion of a stromal cell (SC) on the right. In the center 
ot the field, fine beaded filaments are seen; X 60,000 


Fig. 20.—A higher magnification micrograph of a portion of Figure 4, showing the inter- 
cellular granular substance (GS) found between collagen fibrils in the stromal “spaces” ; 


60,000. 
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Figs. 21 and 22.—Longitudinal and cross section, respectively, of myelinated nerve fibers 
from the rhesus monkey iris. Their axoplasm contains long, thin, mitochondria (M) oriented 
in the direction of the long axis of the nerve. The beaded filaments (AXF) also show similar 
orientation. The laminated character of the myelin sheath (MS) can be observed. Surrounding 


Oe meee fiber are collagen fibrils and/or stromal cells; Figure 21 > 13,000; Figure 22 
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A, M. A. ARCHIVES OF OPHTHALMOLOGY 


Fig. 1—Lens epithelium, central zone, 24 hours after irradiation: The cytoplasm appears 
unchanged and contains formed constituents, such as rough surfaced endoplasmic reticulum 
(eer), mitochondria (m), and elements of low density (/d). In the left upper half of the 
picture, the nucleus (m) displays a nucleolus (mu) which immediately adjoins the nuclear 
membrane (nm). Approximately X 62, 


The figures on pp. 1088 to 1095 are for the article on pp. 977 to 984. 
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Fig. 2.—Lens epithelium, equatorial zone, 10 days after irradiation: A definitely bi- 
nucleated cell in the left half of the picture shows two nuclear profiles (m, me) with 
indistinct boundaries. A crenated nucleus (m) appears in tangential section on the right and 
exhibits several orifices (arrow) along one circumference. In the center of the picture, the 
plasma of a cell process (between cme and cm) contains a profusion of low density struc- 


tures. Approximately >< 10,000. 


Fig. 3—Lens epithelium, equatorial zone, 10 days after irradiation: The right half of 
the picture is occupied by a nucleus (mn), with several deep indentations along its surface 
and with the nucleolus (mw) located in one of these nuclear projections. Profiles cf che 
Golgi complex (gc), cell membranes (cm), dense granules (g), and nuclear membrane 
(nm) are indicated. Approximately X< 37,600. 
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Fig. 4. aes epithelium, equatorial zone, 14 days after irradiation: The cytoplasm con- 
tains mainly vesicular profiles of the rough surfaced endoplasmic reticulum (err) and 
elements of low density (/d). A nucleolus (mu) is seen at the periphery of the nucleus (n) 
with its granular component irregularly dispersed along the nuclear boundary (mm). Ap- 
proximately X 32,250. 


Fig. 5.—Lens epithelium, equatorial area, 10 days after irradiation: A nucleus (m), with 
an intact nuclear membrane (mm), is adjacent to an agglomerate consisting of rounded 
particles showing various densities (P:, Ps) and of irregular, membranous, and opaque 
profiles (a). The formation at P; is similar to structures interpreted as disintegrating nuclei 
in deeper lens fibers. Mitochondria (m) show finely granulated matrices; their membranous 
portions are less dense and ‘more widely spaced than 
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LENS EPITHELIUM AFTER IRRADIATION 


Fig. 7.—Lens epithelium in a flat mount, Feulgen- 
stained, 10 days after irradiation: Rounded Feulgen- 
positive clumps (a) are seen in the cytoplasm 
adjacent to nuclei. They appear surrounded, in part, 
by a halo-like profile. Light micrograph, Reichert- 
Zetopan, approximately 1,012. 


Fig. 6.—Lens epithelium, peripheral 
zone, 24 hours after irradiation: In this 
instance, tiie nuclear membrane is absent 
between the nucleoplasm (m) and _ this 
paranuclear agglomerate similar to that 
seen in Figure 5. Dense components of 
the agglomerate are indicated at (a). 
Approximately 19,000. 


Fig. 8.—Lens epithelium, equatorial zone, 10 days after irradiation: A small accumulation 
of nucleoplasm (n’) adjoins the surface of a nucleus (n). Where the small nucleoplasmic 
aggregate is attached, the space between the dense lamellae of the nuclear membrane (nm) 
appears distended. Approximately X 43,000. 
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Fig. 9.—Lens epithelium, peripheral zone, 14 days after irradiation: Three independent 
nuclear configurations are present in this one cell. One (m) is larger than the others (ms, ns) 
and might be the original nucleus. The nuclear profile at mz contains an accumulation of 
dense granular r.aterial, comparable to a nucleolus (mu). Rough-surfaced endoplasmic retic- 
ulum (err), mitochondria (m), Bg membranes (cm), and nuclear membranes (nm) are 
designated. Approximately X< 23,900 


Fig. 10.—Lens epithelium, flat mount, a -stained, 14 days after irradiation: Several 
Feulgen- ~positive configurations: (accessory nuclei) (n’) stain with an intensity similar to 
that of the main nucleus (n) in the cell. Light micrograph, Reichert-Zetopan, approximately 


Fig. 11—Lens epithelium, peripheral zone, 10 days after irradiation: Two nucleoli (nu, 
nu’) are located at opposite poles of the same nucleus (m). A nuclear membrane is not dis- 
tinguishable. Rough-surfaced endoplasmic reticulum (err) and cell membranes (cm) are 
evident. Approximately >< 23,900 
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Fig. 12.—Lens epitheliom, central zone, 
condensed into irregular thick clumps (mn), 
the nuclear boundary. 


14 days after irradiation: 
leaving a light zone along the inner surface of 
The nuclear membrane (nm) appears band-like in this section and has 


The nucleoplasm is 


circular stomata (arrows) disposed along its circumference. Approximately < 64,500. 


Fig. 13.—Lens epithelium, central part, 14 days 
after irradiation: Here, rough-surfaced endo- 
plasmic reticulum (err) shows an increased density 
of its lumen (/) and numerous attached, dense 
granules (g). Thus, there is a marked difference 
in appearance compared with its configuration in 
Figure 1. Approximately X 46,650. 


Fig. 14—Lens epithelium, peripheral zone, 10 
days after irradiation: The increase in the distance 
between cell membranes is represented in this 
figure (arrows). Endoplasmic reticulum (err) and 


cell (int) are indicated. 
46,650. 
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Fig. 15.—Lens epithelium, peripheral zone, four days after irradiation: An elongated 
body (m), composed of several lamellae ( arrow) of a — membranous nature, is found 
in the cytoplasm at this interval. Approximately X 64,500. 


Figs. 16-20.—Lens epithelium, peripheral zone, 10 days after irradiation: Mitochondria (m) 
assume many different forms. In Figure 16, they seem distended and their cristae are dis- 
placed towards the periphery. A club-shaped structure is seen in Figure 17, while in Figure 
18 mitochondria have an elongated shape, with long cristae similar to mitochondria seen in 
normal fibers. Figure 19 shows a mitochondrion of bizarre outline, and Figure 20 a 
long profile with two distended portions (arrow). Approximately < 43,000. 
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Figs. 21-23.—Lens epithelium, peripheral zone, 10 days after irradiation: Part of a cell, near 
the lens capsule (c). In the upper right corner, dense, tortuous, membranous profiles (tp) 
in an elliptical arrangement can be seen between two interdigitating cell processes (inf). 
Similar structures are depicted in Figures 22 and 23. These short, tortrous profiles are 
closely associated with longer, double membranous structures similar to cell membranes (cm). 
Mitochondria (m) exhibit various changes, such as increased granularity of the matrix 
(m, mz), distended lumen of the cristae (#m, ms, ms), and a general decrease in opacity 
(m). Clusters of dense granules and elements of low density in the cytoplasmic matrix are 
designated. Approximately 43,000. 
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Ophthalmoscopy 


FRANCIS A. L’ESPERANCE Jr., M.D., Boston 


Indirect ophthalmoscopy is a method of 
fundoscopy which has come into increased 
prominence during the last decade. In this 
method, a convex lens is held before the 
patient's eye and an inverted real image 
of the fundus is produced in the air be- 


the observer and the lens. This 
image can then be studied in various ways 
by the observer. 

In 1947, Dr. Schepens devised a sel:- 
luminous binocular indirect ophthalmo- 
scope’ which allowed the visual axes, by 
means of reflecting surfaces within an eye- 
piece arrangement, to become paraxial with 
the light source beam. The outstanding 
feature of this instrument was, and _ is 
today, the relatively large fundus field that 
can be examined stereoscopically and with 
intense iliumination. The magnification of 
the retinal image with this conventional 
ophthalmoscope is low, however, and varies 
as an inverse function of the power of the 
convex lens used. Any increase in fundus 
magnification, obtained by reducing the 
power of this lens, is accompanied by a 
similar reduction in field. Since it would 
be advantageous to study fundus lesions 
binocularly, and in more detail with a 
greater magnification, I would like to pre- 
sent a modification of the Schepens-AO 
indirect ophthalmoscope which achieves this 
goal without any reduction in the fundus 
field obtained. 

This modification applies the magnifying 
power of a miniature prism binocular to 


Submitted for publication June 8, 1959. 

Presented before the New England Ophthal- 
mological Society on April 13, 1959, 

From the Massachusetts Eye and Ear Infirmary 
Boston, Massachusetts with the support of the Fred- 
erick H. Lovejoy Fund for Glaucoma Research. 


198/1096 


Greater Image Magnification in Indirect 


the inverted aerial image produced by the 
convex lens. The miniature binocular is 
substituted for the simple eyepiece previ- 
ously employed. 

The most significant feature of the stand- 
ard instrument, that of stereoscopic vision, 
is preserved in the modification with a sub- 
stantial increase (10) in the stereoscopic 
effect due to the more widely placed binoc- 
ular objectives and the inherent magnifi- 
cation of the instrument. 

A second feature, which is preserved in 
this new model, is an arrangement for vary- 
ing the interpupillary distance by means of 
movable ocular arms. The interpupillary 
distance may be quickly and accurately ad- 
justed to any distance from 59 to 74 mm. 

A third retained feature of this modifica- 
tion is the complete visualization of the 
aerial image. That is, any image produced 
by the convex lens will be seen in its en- 
tirety, and the extent of the fundus viewed 
will depend only upon the convex lens used. 
With both the conventional and the modi- 
fied ophthalmoscope, the same aerial image 
is viewed, but with much greater magnifi- 
cation in the latter case. The fundus field 
seen with the prism binocular is, therefore, 
identical with that of the present eyepiece. 


The most prominent feature of this 
modification is the greater magnification of 
the aerial image. This magnification is ap- 
proximately eight times that seen hereto- 
fore with the conventional instrument. 
With the 7-power binocular employed in 
my preliminary model, the actual retinal 
magnification factor (in an emmetrope) 
varied from 24 times with the +20 D. 
hand-held lens to 32+ times with the +14 
D. lens. These magnifications are to be com- 
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Fig. 1.—An oblique view of the assembled, modi- 
fied, indirect ophthalmoscope showing the headband, 
A-O illuminating source, and miniature prism 
binocular adaptation. 


pared with the 3 to 4.5 diameter magnifi- 
caties: with similar lenses in the present 
indirect ophthalmoscopy, and with the usual 
15 diameter magnification in direct oph- 
thalmoscopy. 


Equipment 


Any powerful light source attached to a 
headband would provide a sufficient base 
upon which the binocular could be mounted. 
I have employed the 18 watt light source 


Fig. 2—The unassem- 
bled, indirect ophthal- 
moscope showing, from 
left to right, the head- 
band, the light source, 
plastic mount, binocular, 
decentered plus lenses, 
and the retaining rings. 
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and headband arrangement of the Schep- 
ens-AO indirect ophthalmoscope. In place 
of the eyepiece unit of this ophthalmoscope, 
I have substituted a 7-power miniature 
prism binocular attached by a plastic mount 
to the light source base. 

In order to focus the binocular, which 
is set by commercial standards for infinity, 
upon the aerial image, two small additions 
were made. First, plus spheres of 3 D. 
power were placed before the objectives of 
the binocular. This addition was necessary 
in order to bring the focus of the instru- 
ment to one-third meter. Second, the paral- 
lel visual axes of the binocular were 
realigned to coincide with the aerial image. 
This was accomplished in experimental 
models by placing a 6 D. base-in prism 
before one of the objectives. However, 
these two additions, the plus spheres and 
the base-in prisms, may be combined by 
using segments of properly decentered plus 
spheres, or, for most ideal image visualiza- 
tion, by placing one large achromatic plus 
lens over both objectives. 

The binocular is secured to the light 
source base by a movable plastic mount 
which firmly grasps the pivot hinge of the 
binocular, thus allowing the oculars to be 
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manipulated and varied to conform to any 
interpupillary distance. The plastic mount 
may be loosened to permit the binocular 
to be quickly removed or replaced by other 
variously powered instruments. 


Use and Features 


The use of this indirect ophthalmoscopic 
arrangement differs only slightly from that 
of the conventional model. The convex lens 
is placed, as usual, several inches from 
the patient’s eye. The observer then moves 
his head until the focus of his binocular 
coincides with the aerial image. The depth 
of field permitted by this optical arrange- 
ment is approximately one and one-half 
inches, and therefore, the head position 
assumed need not be critical. 


The advantages gained in this modified 
indirect ophthalmoscope are the following: 
1. Greater magnification of the aerial 
image is obtained without sacrifice of field. 
The linear field of the retina visualized with 
the binocular modification is exactly the 


same as that seen with the conventional 
indirect ophthalmoscope. 

2. The stereoscopic effect is increased 
more than tenfold with the new modifica- 
tion. This increased perception of depth 
becomes extremely useful when attempting 
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to ascertain small changes in the topog- 
raphy ot the fundus. Flat detachments of 
the retina, early inflammatory foci, and 
choroidal tumors are among those lesions 
more easily diagnosed and defined in terms 
of extent and depth of the destructive 
process. 

3. With the amount of magnification 
provided by this binocular attachment, the 
instrument has useful applications outside 
of fundoscopy. It can be employed when- 
ever magnification and bright illumination 
would be helpful, such as in the external 
examination of the lids, conjunctiva, and 
cornea, and possibly in surgery of the an- 
terior segment. 


Summary 

In summary, a modification of the 
Schepens-AO indirect ophthalmoscope has 
been presented which combines the ad- 
vantageous features of greater image mag- 
nification, large fundus field, increased 
stereoscopic effect, and general adaptability 
in fields of direct visualization. 


243 Charles St. (14). 
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Oral Urea as an Osmotic Ocular Hypotensive Agent 


MILES A. GALIN, M.D.; FUTABA AIZAWA, ™.D., and JOHN M. McLEAN, M.D., New York 


The use of osmotic agents in the treat- 
ment of all types of glaucoma has recently 
received impetus from the introduction of 
urea into clinical ophthalmology. The 
theoretical superiority of this drug as com- 
pared to previously used osmotic solutions 
has been well substantiated. Its low 
molecular weight, relatively poor ocular 
penetrance, and inertness make it eminently 
successful as an ocular hypotensive agent. 
However, though the effects of oral urea 
have been reported,? most studies have dealt 
with the intravenous route of administration. 
Furthermore, no discussion has appeared 
relating intraocular pressure to oral urea 
administration. Consequently, with this 
latter thought in mind, the present study was 
undertaken. 


Materials and Methods 


Patients were obtained from the glaucoma 
clinic of The New York Hospital. Early 
pilot experiments revealed that absorption 
of the material was excellent, and that high 
blood levels could be obtained. A dosage 
level of 1.5 gm. per kilogram was utilized. 
The following routine was followed on all 
patients. Blood was obtained for subsequent 
analysis of freezing point depression and of 
urea nitrogen. Tonography was performed; 
and shortly thereafter, a 50% solution of 
lyophilized, ammonia-free urea dissolved in 
cherry syrup, 2nd cooled with cracked ice, 
was administered. Most patients found the 
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Fig. 1—Man of 70 with open-angle glaucoma— 
effect of oral urea on intraocular pressure. 


solution quite bitter, but were capable of 
consuming all of it. For comparison with 
the baseline studies, serial tonographic 
tracings were obtained, as well as blood 
samples at appropriate intervals. Urine was 
obtained from all patients and tested for 
the presence of hemoglobin. 


Results 


Twenty patients with glaucoma have been 
studied. The results reported herein deal 
with five consecutive, unselected cases in- 
volving various types and stages of 
glaucoma. These illustrative results are 
typical of those obtained in all patients thus 
far treated with oral urea. A table and 
graph summarizing the pertinent data for 
each case follows in Figures 1-5, 
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Fig. 2.—Man of 26 with congenital glaucoma— 
effect of oral urea on intraocular pressure. 
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Fig. 3.—Man of 55 with open-angle glaucoma— 
effect of oral urea on intraocular pressure. 


It should be noted that reduction in in- 
traocular pressure is usually obtained be- 
tween two and one-half to three hours from 
the ingestion of the urea. At this time the 
blood osniviality has reached its maximum, 
and corresponds linearly to the ocular pres- 
sure response. For the sake of conciseness, 
the graphs are not extended to include time 
intervals following the maximal hypotensive 
effect. However, the intraocular tension 
reaches the pretreatment level in about 
seven hours. The blood urea nitrogen and 
blood osmolality are normal within 36 hours. 
Urinary hemoglobin has not been found in 
any patient. 

The nature of the patient’s glaucoma in 
no way influences the osmotic response. 
However, as has been discussed elsewhere,! 
in secondary glaucoma the osmotic gradient 
is reduced, and the return to original hyper- 
tensive levels is more rapid than in the 
other types of glaucoma. No effort was 
made to study the effect of oral urea on 
acute glaucoma, as the time lag in response 
was considered undesirable. 
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Fig. 4—Woman of 53 with R.E. open-angle 
glaucoma and L.E. aphakic glaucoma—effect of 
oral urea on intraocular pressure. 
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Fig. 5.—Woman of 73 with advanced open-angle 
glaucoma—effect of oral urea on intraocular pres- 
sure. 


Comment 


Intravenous urea has proved to be a 
truly remarkable agent for the reduction of 
intraocular pressure. Marked increase in 
blood osmolality is obtained, and hypotony 
is induced in about thirty to forty-five 
minutes.1 However, for such conditions as 
pseudotumor cerebri, hyphema with im- 
minent blood staining, and central retinal 
artery occlusion etc., prolonged rather than 
rapid hypotony is desired. Oral urea would 
seem to be efficacious under such circum- 
stances. 

The present study clearly indicates that 
urea is effective orally. With respect to 
osmolality changes, the dosage schedule of 
1.5 gm. per kilogram orally is about 
equivalent to 1 gm. per kilogram in- 
travenously.! We are presently investigating 
the prolonged use of oral urea as an ocular 
hypotensive agent. The palatability of the 
various oral preparations is the present 
limiting factor. 


Summary 


Urea is an effective agent for the reduc- 
tion of intraocular pressure when ad- 
ministered orally at a dosage level of 1.5 
gm. per kilogram. 
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Annual Reviews 


Glaucoma, 1958-1959 


PAUL A. CHANDLER, M.D., Boston 


I. Incidence 


Reports on mass screening by tonometry 
show an incidence of glaucoma from 2% * 
to 4%.** Leydhecker et al.®* in a mass 
screening of 10,000 people (19,880 eyes) 
found a medium Schietz tension value in 
normal eyes of 5.5/5.5. He considered that 
any value over 4/5.5 should arouse a suspi- 
cion of glaucoma, and that a value of 3/5.5 
should be regarded as pathological. Ander- 
sen,? in a Danish town of 35,900 inhabi- 
tants, found 58 cases of primary glaucoma. 
The incidence steadily rose with each dec- 
ade of life after 40, with the highest inci- 
cence, 27 per thousand, after the age of 
85. In a study in Great Britain’ cases 
of angle closure glaucoma outnumbered 
those of open angle glaucoma. In most 
reports, open angle glaucoma has_ been 
found to be considerably more common 
than angle closure glaucoma. Simmons 1 
has given an excellent review of the litera- 
ture on the incidence of glaucoma with re- 
gard to geographic distribution, seasonal 
distribution, age, sex, ethnic and _ race 
distribution, the effect of social and envi- 
ronmental factors, heredity, emotions, re- 
fractive errors, general body constitution, 
nutrition, and allergen or toxic sensitivity. 
He has suggested methods for the epide- 
miologic investigation of the disease. 


II. Diagnosis 


Provocative tests as an aid in early diag- 
nosis of glaucoma have been discussed 
by several  Tornquist 
found that the dark room test caused a 
rise of 8 mm. or more in 38% of unoper- 


: Submitted for publication Aug. 13, 1959, 


ated but proven cases of angle closure 
glaucoma, in 14% of normal fellow eyes 
in patients with angle closure glaucoma in 
the other eye, and in 3% of eyes with a 
shallow anterior chamber but no known 
glaucoma. Miron et al. found changes in 
the light sense in all chronic and acute glau- 
coma. Primrose feels that the Priscal test 
raises pressure by creasing aqueous pro- 
duction. Weekers et al.1"7 in a long outline 
of the mechanism of all forms of glaucoma 
both primary and secondary conclude that 
accurate tonometry is still the best method 
of diagnosing glaucoma. A bulbar com- 
pressor has been designed by Berens and 
Tolman." With this instrument a pressure 
of 50 mm, Hg is applied to both eyes simul- 
taneously through the lower lids for two 
minutes. Tension is measured before and 
after. They hope this may be of value in 
diagnosis and therapy. Certainly ophthal- 
moscopic examination of the optic disc and 
tonometry will in the long run establish the 
diagnosis in nearly all cases of open angle 
glaucoma. 


III. Outflow Resistance 


The anatomic distribution of resistance 
to outflow in normal human eyes post mor- 
tem has been examined by Grant *® utilizing 
quantitative perfusion to measure facility 
of outflovy before and after dissection of 
the trabecular meshwork (trabeculotomy or 
trabeculectomy). In a series of 16 eyes he 
has consistently found an increase in facil- 
ity of outflow when an opening was made 
from the anterior chamber to Schlemm’s 
canal, and calculates that the trabecular 
meshwork is normally responsible for ap- 
proximately 75% of the total resistance to 
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outflow. These measurements were made 
with the lens-iris diaphragm re!axed and 
the anterior chamber at normal depth. Pre- 
sumably measurements can be made on the 
distribution of resistance in open angle 
glaucomatous eyes by the same technique, 
and comparison of normal and glaucomatous 
eyes should indicate the location of the ab- 
normal resistance. For future refinement 
of this technique, it will of course be neces- 
sary eventually to make measurements and 
observations more immediately post mortem 
and also in vivo to minimize the possibility 
of confusion from postmortem changes. 
This study suggest the clinical possibility 
of imprvving facility of outflow in open 
angle yiaucoma by trabeculotomy or trabec- 
ulectomy, particularly if in glaucomatous 
eyes the resistance to flow through the 
trabecular meshwork proves to be even 
greater than in the normal. If this proves 
to be true, and it seems altogether probable 
that it will be, it opens up the possibility 
of some form of surgery on the meshwork 
similar to goniotomy. An opening could be 
made into Schlemm’s canal, but there is 
always the problem of healing with scar 
tissue formation. 

Ericson ** studied the 24 hour tension 
curve in normal individuals by means of 
a perilimbal suction cup after Rosengren, 
with a 50 mm. Hg vacuum obstructing the 
outflow channels. Using Friedenwald’s 
1955 tables, he was able to estimate the rate 
of aqueous flow. The aqueous humor in- 
flow was studied by this method every four 
hours day and night for three days and 
nights on 50 subjects. During the day no 
change in aqueous humor inflow was found. 
Between 8 P.M. and midnight there was 
considerable reduction in aqueous flow. 
From midright to 4 A.M. the flow was 
constant. From 4 to 8 A.M. there was 
considerable increase in flow as compared 
to the day level. He measured 10 subjects 
who worked at night. Similar variations 
were found in these cases but were less 
pronounced. He found intraocular pressure 
and inflow at a constant level between 8 
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A.M. and noon. Intraocular pressure de- 
creased from a day pressure of 17 mm. to 
14 mm. at midnight. There was no corre- 
sponding reduction in inflow during this 
time. At 8 P.M. and midnight the reduc- 
tion in pressure was small but there was 
considerable reduction in aqueous inflow. 
From midnight to 4 A.M. there was an 
increase in intraocular pressure despite no 
significant change in inflow. From 4 to 8 
A.M. both factors increased, the inflow 
increasing much more than the intraocular 
pressure. This could be explained by a 
change in outflow resistance as has been 
shown by tonography. 

Linnér,® using the suction cup method, 
studied the rate of aqueous flow in indi- 
viduals with and without cataract. He 
found the rate of flow definitely lower in 
cataractous eyes than in those without cata- 
ract. A vasodilating drug, Hexanicit, was 
tried and it appeared to increase the rate 
of aqueous flow. He conjectures as to its 
possible use in the medical treatment of 
cataract. Becker’ employed tonography as 
an aid in prognosis in open angle glaucoma. 
Two hundred fifty eyes were studied in 
which the pressure was normalized by mi- 
otic treatment (Becker considers 20 mm. 
Hg a safer level for normalization than 24 
mm. Hg). In eyes in which facility of 
outflow was normal under miotic treatment, 
he felt that the prognosis for future tension 
control and retention of the field was better 
than in eyes with a reduced outflow in 
spite of normalization of tension witl. mi- 
otics. This study indicates that with patients 
in whom the facility of outflow is still low, 
more intensive miotic treatment is indi- 
cated; secretory suppressors should be used 
and there should be a closer follow up. This 
work should be very helpful. Eyes with 
a poor outflow facility might be expected 
to be more unstable from the standpoint of 
tension, since a relatively small increase in 
rate of aqueous production would be re- 
flected in a considerable rise in tension. 
However, in making a prognosis in open 
angle glaucoma, one cannot fail to take into 
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consideration the appearance of the optic 
disc and the extent of field loss if present. 
All other things being equal, an eye with 
a normal disc is well known to withstand 
increased pressure much better than a 
cupped disc. 

In a study of angle closure glaucoma, 
Becker and Thompson ' found that if the 
coefficient of facility of outflow was 0.15 
or better, peripheral iridectomy would con- 
trol the glaucoma and that filtering opera- 
tions should be reserved for eyes with a 
coefficient of facility of outflow of 0.10 
or less. They also measured facility of 
outflow in normal eyes before and after 
mydriasis with 5% Euphthalmine. They 
felt that a decrease in outflow facility of 
more than 25% after mydriasis was a valu- 
able method of recognizing the capacity for 
angle closure in eyes with narrow angles. 
Becker and Thompson ¥ found no failures 
with peripheral iridectomy in angle closure 
glaucoma in 47 eyes where the coefficient 
of facility of outflow was over 0.20. There 
was one failure in 71 eyes where the C 
was over 0.15. Peripheral iridectomy failed 
to control the glaucoma in 10 of 13 eyes 
where C was less than 0.10. In 14 eyes in 
which peripheral iridectomy failed to con- 
trol the glaucoma, subsequent iridencleisis 
was successful in all but 3. 

There is no doubt, as these studies dem- 
onstrate, that accurate tonography can be 
of considerable value in the choice of opera- 
tion in angle closure glaucoma. 

Constant pressure tonography was stud- 
ied by Prijot ** and Moses.” Prijot’s re- 
sults were the same as Grant’s in normal 
eves, but he found a greater resistance to 
outtiow in open angle glaucoma than found 
by Grant’s method. Moses felt that con- 
stant pressure tonography could not be 
recommended for routine use on account 
of its complexity. Heinrich ** studied 97 
cases pre and postoperatively by tonog- 
raphy. Of 11 cases showing progressive 
field loss postoperatively, he found in 8 a 
further decrease in outilow facility. His 
best surgical results were obtained with 
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iridencleisis. Further studies on tonog- 
raphy were reported by Merte* and Yo- 
shitoshi.57 Armaly and Burian* found an 
increase in facility of outflow during ac- 
commodation in five young normal individ- 
uals. They could not be sure whether the 
steeper slope in the tonogram was due to 
a greater facility of outflow, a reduction in 
aqueous production, or in intraocular blood 
volume. 

Depner ** has given an excellent, detailed 
and thorough survey of the whole subject 
of tonography with a thoughtful analysis of 
the many factors to be considered in the 
application and interpretation of tonog- 
raphy. The pertinent literature is also sur- 
veyed. He has emphasized the research and 
investigative aspects of tonography. This 
is a valuable paper for those interested in 
tonography. 


IV. Tonometry 


For the purpose of increasing the accu- 
racy of tonometry and tonography, Mc- 
Bain 7 has continued his careful analysis 
of pressure-volume relationships in enu- 
cleated human eyes. He has obtained addi- 
tional data by repeatedly injecting finite 
measured volumes of salt solution through 
a cannula into the eye and continuously 
recording the resultant step-wise changes in 
intraocular pressure by means of an elec- 
tronic strain gauge. His analysis of these 
data indicate that scleral rigidity is more 
complex than was pictured by Friedenwald 
when he constructed the standard calibra- 
tion tables for the Schiotz tonometer. He 
has worked out formulas to describe the 
pressure-volume relationship more precise- 
ly, and, with further measurements to be 
made on the volume of corneal indentation 
which is induced by the tonometer, these 
should eventually benefit clinical tonometry 
and tonography. 

Moses and Hahn® found that the P, 
value obtained with the 5.5 and 7.5 gm. 
weights according to the 1955 Friedenwald 
tables were inconsistent with a scale read- 
ing below 3, the 7.5 gm. weight giving the 
lower estimate of Po. They felt that the 
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‘size of the footplate hole influences the scale 


reading in a range of 3 or less, the smaller 
hole giving the greater scale reading. By 
direct observation through a plastic foot- 
plate, they found that at pressures corre- 
sponding to a scale reading of 2 or less the 
cornea bulged up into the gap between foot- 
plate and plunger. Jackson * compared the 
Schietz X tonometer with the Schietz 
weighted tonometer in a large series of 
normal and glaucomatous eyes and found 
very little difference in the results. 


V. Perimetry 


Sanna ™ gave examples of alterations of 
the visual fields in cases of glaucoma due 
to the simultaneous presence of other ocular 
disease. This is a pertinent and neglected 
subject. Eyes with glaucoma may indeed 
have field defects due to a variety of causes, 
including arterial occlusion, retinoschisis, 
retinal detachment, and chorioretinitis. One 
cannot accept a field defect as due to glau- 
coma unless it is consistent with the appear- 
ance of the optic disc. Campbell and 
Ritter report on flicker perimetry in 
chronic simple glaucoma. They found sev- 
eral cases in which the field was normal as 
measured by conventional perimetry but 
defects were demonstrated by flicker perim- 
etry. Where a field defect was found by 
ordinary perimetry it was usually more 
marked with flicker perimetry. They con- 
clude that flicker perimetry is valuable, 
especially in early glaucoma. 

Harrington and Flocks*! reported on the 
multiple-pattern method of visual field 
examination. The literature is reviewed 
and they report their own further experi- 
ence with the method. New patterns are 
described. The method has proved its value 
in the hands of many ophthalmologists. In 
glaucoma perimetry the first consideration 
is the ophthalmoscopic appearance of the 
optic disc. One cannect find field defects 
due to glaucoma unless there are ophthalmo- 
scopically visible changes on the disc. 
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VI. Pathology 


Wolter ™* presented the histologic find- 
ings in the angle in the normal eyes of a 
2-year-old child who had an eye with 
an epithelial cyst in the anterior chamber, 
and an eye with a shallow anterior chamber 
and a closed angle after cataract surgery. 
The tissues were stained with the threefold 
and unreduced methods of the silver car- 
bonate techniques of Hortega. In the child 
there was vacuolization of the corneal endo- 
thelium but not of the endothelium of the 
trabecular meshwork. In the eye with the 
epithelial cyst, endothelial cells were absent 
in the meshwork. In the closed angle there 
was degeneration of collagen in the outer 
layers of the corneoscleral meshwork and 
a diminution in the number of endothelial 
cells. Nerve fibers were demonstrated in 
the meshwork especially in the layer adja- 
cent to Schlemm’s canal. He found many 
openings in the meshwork approximately 
10 in diameter. He believes that aqueous 
travels through the meshwork in a series of 
thin walled intercommunicating channels. 

Teng et al.'!! examined histologically six 
eyes with successful filtering operations. 
They conclude that contact with aqueous 
causes degeneration of collagen. They 
found that in some eyes aqueous goes di- 
rectly through the bleb on account of col- 
lagen degeneration in the subconjunctival 
spaces. In other eyes there was degenera- 
tion of collagen tissue around blood vessels, 
especially capillaries, causing perivascular 
degeneration and opening of new channels. 
They found that direct new recanalization 
occurs in cases where the scleral wound is 
close to the trabecular region and new en- 
dothelial lined channels form. 


Kornzweig and Schneider ® studied the 
pathology of the angle of the anterior 
chamber in 11 eyes of 7 patients known 
to have primary open angle glaucoma. They 
found thickening and sclerosis of the tra- 
beculae, narrowing or obliteration of the 
intertrabecular spaces, variation in the 
patency of Schlemm’s canal, pigment gran- 
ules and cells in varying amounts in the 
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intertrabecular spaces, and proliferation of 
endothelium causing occlusion of Schlemm’s 
canal. 

Rohen and Unger ® in a histologic study 
of the trabecular meshwork found prolif- 
eration of the endothelium i: both primary 
and secondary glaucoma. In inflammatory 
reactions the endothelial cells increased in 
size and were sometimes desquamated. 
They also found thickening of the subendo- 
thelial basement membrane in various cases 
of glaucoma, with an extreme degree in 
absolute glaucoma. 

Flocks,?® in an excellent and comprehen- 
sive article, describes a pathologic study of 
the trabecular meshwork in 16 eyes with 
primary open angle glaucoma and in 11 
eyes of secondary glaucoma with an open 
angle. The author describes the various 
pathologic findings and concludes that many 
of the pathologic changes found were due 
to the increased tension per se. From this 
study emerges a new theory of open angle 
glaucoma. He believes that a vulnerable 
corneoscleral meshwork is inherited. This 
vulnerable meshwork is injured by a ten- 
sion lower than in individuals with a nor- 
mal meshwork. More and more damage to 
the meshwork occurs and there is hence a 
gradual decrease in the facility of outflow. 
This paper should be read in the original. 


VII. Medical Treatment 


Dichlorphenamide in a dose somewhat 
less than half that of acetazolamide (Dia- 
mox) has been found to have a comparable 
effect in lowering intraocular pressure in 
glaucoma.**-4¢:97 Side effects are similar to 
those of acetazolamide. Some patients tol- 
erate one drug and not the other. Chloro- 
thiazide (Diuril) was found to have no 
effect on intraocular pressure, and sulocar- 
bilate had some pressure lowering effect 
but only in doses 3 to 6 times that of aceta- 
zolamide.** Acetazolamide is generally 
found to reduce the formation of aqueous 
about 50% and has proved generally very 
useful in most forms of glaucoma.}8-19%38 
Epinephrine bitartrate, a valuable drug in 
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the treatment of open angle glaucoma, has 
been found to cause a further 30% reduc- 
tion in aqueous production in addition to 
that obtained with acetazolamide, and hence, 
the effect of the two drugs is additive.® 
Epinephrine bitartrate is gradually being 
accepted more and more widely as an ad- 
junct to miotics in the treatment of open 
angle glaucoma. It is an extremely valu- 
able drug. In some eyes epinephrine bitar- 
trate and phenylephrine caused a rise in 
pressure lasting several hours which was 
demonstrated by tonography to be due to an 
increased resistance to outflow. The usual 
effect of lowering of intraocular pressure 
was not due to an increased facility of out- 
flow as demonstrated by tonography.** 

The effects of echothiophate (Phospho- 
line) iodide were studied by Becker et al.® In 
normal eyes this drug used in a concentra- 
tion of 0.25% once a day caused an in- 
crease in the facility of outflow of 66%. 
Side-effects included extreme miosis, ciliary 
and conjunctival injection, blurred vision, 
and eye and brow pain. The miosis per- 
sisted for 12 to 14 days, the other side 
effects usually disappearing in 5 days. The 
drug was tried on 106 eyes with both pri- 
mary and secondary glaucoma uncontrolled 
by medical therapy. The facility of outflow 
improved 25% or more in 72% of eyes, 
50% or more in 58%, 100% or more in 
40%. Tension was lowered to 20 mm. in 
50% of eyes in which the tension was pre- 
viously uncontrolled. A  subconjunctival 
injection of pyridine-2-aldoxime methiodide 
(P2AM) reversed the effect of the drug in 
both normal and glaucomatous eyes. The 
sie effects observed in normal eyes were 
also observed in cases of glaucoma more or 
less in proportion to the effect on tension 
and facility of outflow. Iris cysts were seen 
when the drug was used in children. Sev- 
eral patients had diarrhea. In three patients 
severe iritis developed three to five days 
after starting treatment. 

Turtz and Turtz 1" reported a case of 
toxicity due to acetazolamide. In January, 
1957, the patient was given 125 mg. of 
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acetazolamide t.i.d. In May, 1957, the pa- 
tient developed exfoliative dermatitis and 
the white blood count was found to be 
3,050. When the drug was discontinued 
the dermatitis cleared in a few days; one 
week after discontinuing treatment the 
white count had risen to 7,950. Mackie 
presents arguments supporting the “vascu- 
lar” theory of glaucoma. In 50% of 
patients in which the glaucoma was uncon- 
trolled with miotics the*tension was brought 
under control when hydrolazine hydrochlo- 
ride (Apresoline) and Hydergine* were 
given. He stresses the psychologic aspects 
in managing the patient with glaucoma. 


VIII. Surgical Treatment 


Three new operations have been de- 
scribed utilizing cautery of the wound edges 
to produce shrinkage of the sclera. In 
Scheie’s procedure, after preparing a 
conjunctival flap as for a conventional fil- 
tering operation, the sclera is cauterized 
with the actual cautery along a line close 
to and parallel with the limbus. A right 
angled incision is made through the sclera 
in this cauterized area and the lips of the 
wound are touched with the cautery, caus- 
ing scleral shrinking and gaping of the 
wound, A peripheral iridectomy is done. 
He reported results on 28 eyes with angle 
closure glaucoma and 43 with open angle 
glaucoma. Tension was controlled at nor- 
mal levels in 48 eyes, uncontrolled in 10. 
In 15 eyes there was hypotony—tension 10 
or less. Complications of delayed reforma- 
tion of the anterior chamber, hyphemia, 
persistent hypotony, were comparable to 
those after trephing or iridencleisis. The 
operation was successful in one of three 
eyes with congenital glaucoma uncontrolled 
by previous operation. He feels that the 
procedure is particularly applicable to cases 
of neglected angle closure glaucoma. 

Alvis? describes an operation in which 
under a conjunctival flap a radial incision 

*A pharmaceutical combination of dihydro- 


ergocornine, dihydroergocristine, and dihydro- 
ergocryptine. 
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3 mm. long is made out from the limbus. 
A cyclodialysis spatula is passed to either 
side to separate the scleral spur. The 
scleral wound edges are then touched with 
cautery to cause gaping. In several eyes 
a filtering scar developed. In a small series 
of cases he feels the results were compar- 
able to those of other filtering operations. 
Malbran and Malbran ® described an oper- 
ation similar to that described by Scheie, 
but using diathermy instead of thermal 
cautery to cause shrinkage of the wound 
edges. In 50 cases the result was consid- 
ered good, tension under 23.4 mm. in 41. 
The tension was borderline 25 to 29 in six 
cases and uncontrolled in three. Delayed 
reformation of the anterior chamber was 
seen in three cases. A considerable experi- 
ence over a long period of time will be 
necessary in order to properly evaluate 
these operations and determine whether or 
not they are superior to the older proce- 
dures. 

There have been numerous reports on the 
use of 
It is difficult to compare the results of 
various reports since the period of follow- 
up was often inadequate. There are wide 
differences of opinion as to the effectiveness 
of the operation, ranging from enthusiastic 
reports to very pessimistic ones. The gen- 
eral feeling seems to be that the results are 
often not permanent and the operation has 
to be repeated. The fact that cyclodiather- 
my is still not widely used as a primary 
procedure in glaucoma attests the fact that 
the long term results are inferior to the 
conventional procedures. It is certainly a 
valuable addition to our armamentarium in 
glaucoma surgery, but probably its princi- 
pal usefulness will continue to be in hemor- 
rhagic glaucoma and in cases of primary 
glaucoma where other operations have 
failed. Combined nonperforating cyclodia- 
thermy, and limited cyclodialysis is report- 
ed by Cavka.17 In cases with an adequate 
follow-up there was a fairly good per cent 
of tension control. No details are given 
concerning the presence or absence of a 
cleft. 
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Cohen et al.** reported a successful result 
in 8 of 10 cases in colored patients in which 
iridencleisis with sclerectomy was followed 
by beta radiation; 2,100 rep. was given at 
the end of operation and repeated at weekly 
intervals for a total dosage of 6,300 rep. 

Nemeiz and Papapanos*! reported the 
results of operation in 276 cases of ad- 
vanced glaucoma in which the field was 
contracted to within 5 degrees of fixation 
in at least one quadrant. In two-thirds of 
the cases vision was the same or one line 
less postoperatively. In 212 eyes with 
visual acuity more than 6/60, 6% became 
blind after operation. In 64 eyes with 
visual acuity less than 6/60, 64% went 
blind. In nine eyes with two or more opera- 
tions all became blind. The authors advise 
operation in all cases with vision better 
than 6/60, medical treatment if vision is 
6/60 or less. It is difficult to draw conclu- 
sions from these data. A scotoma within 
5 degrees of fixation in one area with 
three-fourths of the field intact is quite 
a different situation from an isolated small 
central field. If, postoperatively, tension is 
maintained at a low level, 7/5.5 or less, 
most eyes will maintain their field over a 
long period of time, whereas if postopera- 
tively tension ranges from 5/5.5 to 3/5.5 
many eyes will progressively lose field. 

Hartmann and Haye * report on Beren’s 
cycloelectrolysis. They conclude that it is 
an operation easy to perform, not danger- 
ous, easy to repeat, and can be tried when 
other operations have failed. Best results 
were obtained in glaucoma following cata- 
ract extraction. It was found effective in 
acute glaucoma, less so in chronic glaucoma. 
They report that it always relieves pain in 
hemorrhagic glaucoma though tension is 
uncontrolled in half the cases. Golovine *® 
reported success in nine cases of very in- 
tractable glaucoma by trephining the sclera 
6 or 7 mm. from the limbus under a con- 
junctival flap and letting out vitreous. Two 
cases of malignant glaucoma with blocking 
of the scleral opening by the lens were 
relieved by lens extraction.®** Cross™ de- 
scribed a case of malignant glaucoma fol- 
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lowing iridectomy. Following posterior 
sclerotomy, cyclodialysis, and air injection 
into the anterior chamber, convalescence 
was uneventful. In the second eye periph- 
eral iridectomy and posterior sclerotomy 
were done, but a malignant course followed. 
The glaucoma in this eye was also relieved 
by the same procedure done on the first eye. 

Riise * studied the records of 1,057 eyes 
with glaucoma simplex on which irider- 
cleisis had been done between 1930 and 
1956. There were 100 eyes with adequate 
field examinations and normal tension over 
a period of five years. In a group with 
normal or slightly constricted fields, after 
eight years there was loss of 7% of the 
field. In a group with loss of more than 
half the field at the time of operation, the 
results were much poorer; 15 of 39 eyes 
lost all useful vision. All eyes lost visual 
acuity. Riise’s observation that eyes with 
normal or slightly constricted fields showed 
very little further loss over a considerable 
period is an important one. It has become 


increasingly evident in clinical practice that 
eyes with little or no cupping and little or 
no field loss withstand increased pressure 
much better than eyes with considerable 
cupping and field loss. Results of filtering 


operations are reported by other au- 
Tate infection after filtering 
operations was reported by Kalt and 
Loisillier.5% There were 13 cases of late 
infection in 464 operations. The incidence 
was 3.23% after trephining, 1.6% after the 
LaGrange operation, and 1.4% after 
iridencleisis. Results of treatment were 
good if no hypopyon was present but poor 
if there was hypopyon. Sugar and 
Zekman © reported 22 eyes infected after 
trephining, 2 after iridencleisis in clinic 
patients. In private practice in 48 trephine 
operations there was 4% late infection. In 
66 iridencleisis operations the incidence was 
1.5%. 

In filtering operations Stanworth  sug- 
gests that some failures are due to con- 
junctival fibrosis rather than closure of the 
scleral opening and recommends excision of 
tenons capsule near the trephine opening. 
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This is particularly important in young 
people where there is considerably more 
subconjunctival tissue than in older in- 
dividuals. 

McCulloch ™ describes a method of re- 
opening localized blebs after filtering opera- 
tions. A cataract knife is passed under the 
conjunctiva 10 mm. from the bleb. It is 
pushed through and through the bleb and 
the cut is enlarged upwards subconjunc- 
tivally. In 9 of 12 cases the operation was 
successful. This is certainly a very good 
percentage of success with a much less 
traumatic procedure than another filtering 
operation. 


IX. Congenital Glaucoma 


Burian ™* believes there are two types of 
developmental glaucoma. In one type the 
glaucoma is due to faulty splitting of 
mesodermal tissue in the angle. There is 
often a prominent Swalbe’s line, the iris root 
encroaches on the meshwork, there are 
prominent pectinate fibers, and Schlemm’s 
canal is normal. He feels that goniotomy is 
suitable for this type. In the second type 
the iris encroaches on the meshwork more 
markedly, there are no prominent pectinate 
fibers or Swalbe’s line, and Schlemm’s 
canal is abnormal or absent. Goniopuncture 
or some other filtering operation is recom- 
mended for this type. 


Paufique ** supports entirely Barkan’s 
views of the pathogenesis of congenital 
glaucoma. He advises goniotomy when 
this is possible. When it is not possible, as 
in advanced cases with opaque corneas and 
enlarged globes, he advises retrociliary 
diathermy or angiodiathermy at the medial 
rectus insertion plus cyclodialysis at the 
same site. 

Shirley *°' reported two cases of glaucoma 
in young people. Both showed abnormal 
congenital tissue in the angle. In the first 
patient, age 18, the glaucoma was unilateral 
and was controlled by two goniotomy and 
goniopuncture procedures. In the second 
case, age 32, the glaucoma was controlled 
by iridencleisis. Priegnitz ** reported two 
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cases of juvenile glaucoma. The first pa- 
tient was a 19-year-old boy with wide angles 
showing the typical changes of congenital 
glaucoma. The discs were cupped, tension 
30 to 40. The glaucoma was controlled by 
miotics. Patients in the teens and twenties 
with glaucoma frequently show the same ap- 
pearance in the angle on gonioscopic ex- 
amination commonly seen in young children 
with glaucoma. One wonders if goniotomy 
should not be employed more frequently in 
these cases. The second patient was 22 D. 
myopic with spherophakia. The anterior 
chambers were shallow and the angles nar- 
row. Tension rose with the dark room test 
and with miotics but fell when mydriatics 
were used. The glaucoma was relieved by 
removing the lenses and it was then ap- 
parent that the previous myopia had been all 
lenticular. Maumenee™ reported on the 
pathologic examination of six eyes with 
recent congenital glaucoma, two eyes with 
moderately advanced glaucoma, and many 
eyes with advanced congenital glaucoma. He 
found in all cases a failure of separation of 
the iris. and ciliary muscle from the 
trabecular fibers and an abnormally exten- 
sive insertion of longitudinal and circular 
muscle fibers into the trabecular fibers. The 
ciliary body was pulled centrally. In cases 
with successful goniotomy the meshwork 
was intact, but the ciliary muscle and iris 
were detached from the trabecular fibers. 
He concludes that the abnormal attach- 
ment of the ciliary body muscles to the 
meshwork by their contraction decrease the 
pore size in the meshwork and thus cause 
increased resistance to outflow. In seven of 
eight eyes with persistent hyperplastic 
vitreous the angle showed changes similar 
to those in eyes with congenital glaucoma. 
Shaffer ®® has given a careful exposition, 
with photographs, of the proper techniques 
in goniotomy. 


X. Secondary Glaucoma 


Gartner ** has given a detailed report on 
two cases of Marchesani’s syndrome. He 
found that tension was increased by miotics, 
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lowered by mydriasis. He believes the 
cause of the glaucoma is twofold, an abnor- 
mal development of the ciliary muscle which 
causes a narrow chamber angle, and 
pupillary block. He advises lens extraction 
and treatment of any residual glaucoma by 
miotics. After lens extraction he found the 
angles closed or very narrow, but there was 
considerable opening with miotic therapy. 
Peterson * has made a careful study of 
a large series of patients with exfoliation, 
with and without glaucoma. He found a 
very good correlation between the amount 
of pigment in the meshwork and _ the 
severity of the glaucoma. In eyes with 
exfoliation in one eye only, there was more 
pigment in the meshwork in the eye with 
exfoliation than in the fellow normal eye. 
In cases with bilateral exfoliation with 
glaucoma is only one eye, the glaucomatous 
eye showed muc') more pigment in the mesh- 
work than in the eye without glaucoma. 
In patients with exfoliation but without 
glaucoma which were observed over a period 
of several years, there was very little pig- 
ment in the meshwork. This careful study 
lends weight to the theory that it is the 
accumulation of pigment in the angle which 
is the important factor in obstruction to 
outflow in capsular glaucoma. In eyes with 
exfoliation and glaucoma but no unusual ac- 
cumulation of pigment in the meshwork it 
seems probable that the glaucoma is pri- 
mary and bears no relation to the exfolia- 
tion. In patients known to have exfoliation, 
who are being followed regularly with the 
possibility of glaucoma in mind, the 
prognosis remains good as long as there is 
little accumulation of pigment in the mesh- 
work. Henderson and Schneider** re- 
ported the ocular findings in 17 cases of 
carotid cavernous fistula. Among other 
findings, secondary glaucoma was present in 
seven cases. In one of these, the glaucoma 
was controlled by miotics, in three cases by 
surgical treatment of the fistula, but in three 
cases blindness followed operation. 
Chandler *4 has discussed the problems in 
the diagnosis and treatment of lens induced 
uveitis and glaucoma of various types. Case 
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reports are given illustrating lens induced 
uveitis and glaucoma from hypermature 
cataract in situ, completely dislocated hyper- 
mature cataract, advanced immature cataract, 
traumatic cataract, and in cases after ex- 
tracapsular extraction. In all cases re- 
moval of the lens or of residual lens 
matter resulted in subsidence of the in- 
flammation. The glaucoma was also re- 
lieved except in cases with residual 
peripheral anterior synechias. He points out 
that prompt lens extraction is indicated if 
the lens is intact and that in the cases with 
residual lens matter, removal of this lens 
matter results in prompt subsidence of the 
inflammatory signs. Delay in removing lens 
matter results in irreversible changes in the 
eye stich as persistent glaucoma, corneal 
edema, retinal detachment, and cystic 
macular degeneration. Syed ™° concurs that 
in cases of hypermature cataract and 
glaucoma lens extraction is indicated. 

Secondary glaucoma following occlusion 
of the central retinal artery has been the 
subject of two reports.*5"!9 The glaucoma 
usually developed within nine weeks. In all 
reported cases the central vein showed 
changes but was not occluded in the sec- 
tions examined. The changes found in the 
angle were similar to those usually seen in 
cases of hemorrhagic glaucoma following 
occlusion of the central vein. In these cases 
one must consider the possibility that the 
vein may have been occluded beyond the 
area examined. 

Heer ** attributes the ectropion uveae in 
hemorrhagic glaucoma to a new formed 
membrane on the surface of the iris. He 
observed gonioscopically in several eyes an 
exudative process on the anterior surface 
of the iris which led to a contracting mem- 
brane and closure of the angle. Schrader 
and Medler ** reported on a large series of 
cases of central vein occlusion. Secondary 
glaucoma was not seen in any patient under 
50 years of age. Of the patients with 
glaucoma, in seven the tension was only 
slightly elevated and was controlled by 
miotics. This observation, plus the report 
that in 12 patients iridencleisis was suc- 
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cessfully employed, must raise the question 
as to whether these were instances of true 
hemorrhagic glaucoma. The possibility of 
primary glaucoma unassociated with the 
central vein occlusion is shown by Posner, 
who reported typical primary angle closure 
glaucoma in cases with retinal vein occlu- 
sion. He points out that hemorrhagic 
glaucoma cannot be diagnosed without 
observing neovascularization followed by 
peripheral anterior synechias. Gorin ** em- 
phasizes the fact that in hemorrhagic 
glaucoma acute iritis is always a factor. He 
rightly stresses the fact that miotics sould 
not be used but rather mydriatics, cortisone, 
and acetazolamide. He reported two cases 
with relief of the pain following retrobulbar 
injection of procaine and Priscoline. Like 
Posner, he emphasizes the fact that the 
acute glaucoma seen after occlusion of the 
central vein may be primary angle closure 
glaucoma or due to the lens, and thus is 
not always true hemorrhagic glaucoma. 
These observations point up the fact that 
one cannot diagnose hemorrhagic glaucoma 
without finding the characteristic changes in 
the angle. 

Jones ® reviews four cases reported by 
various authors and reports one case of 
typical hemorrhagic glaucoma following in- 
tensive radiation. In his case cyclodiathermy 
was successful. 

Hermann ** reported on a syndrome in 
which there was microphthalmos, fundus 
changes suggestive of retinitis pigmentosa, 
cataract, and glaucoma. Cases were ob- 
served in four generations of one family. 
Blindness was common by the age of 30 
due to cataract and glaucoma. 


XI. Research 


Karg et al.®? perfused enucleated human 
eyes with latex microspheres of varying 
diameters. Particles 1.24 in diameter passed 
through the eye without appreciable loss in 
concentration. There was some interference 
with the passage of particles 1.8, and 3. 
in diameter and particles 5.6. in diameter 
did not perfuse through. De Carvalho 
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studied changes in the blood aqueous barrier 
in rabbits as a result of tonography. He 
found that anterior chamber puncture in 
one eye resulted in increased permeability 
of the blood aqueous barrier in the other 
eye. There was increased permeability of 
the blood aqueous barrier immediately after 
tonography, but he feels that this does not 
prove that it exists during tonography. Lieb 
et al. studied the effects of cervical 
sympathetic ganglionectomy on aqueous 
humor dynamics. On the first postoperative 
day average tension was 11.93 on the side 
of operation as compared to 27.31 on the 
normal side. The facility of outflow was 
about the same on both sides. The rate of 
flow on the side of operation was 0.63 cu. 
mm, per minute, and 3.64 cu. mm. per 
minute on the normal side. On the third 
postoperative day all values had returned 
to normal. By a series of equations Mc- 
Ewen™ concludes that the increased 
resistance to outflow in glaucoma is probably 
due to a decrease in the diameter of the 
pores rather than a decrease in the number 
of functioning pores. He feels that the 
inner part of the trabecular meshwork 
offers little resistance to the passage of 
aqueous and that changes in the collector 
channels and aqueous veins are probably 
not important factors in the increased out- 
flow resistance in glaucoma. 

Barsky and Schimek ® investigated the re- 
sults of placing a strip of Gelfilm in 
cyclodialysis clefts in rabbits. In all cases 
there was considerable reaction and the cieft 
closed. They conclude that it cannot be 
recommended for use in human eyes. 
Berggren,” contrary to the reports of other 
authors, found in rabbits that the daily 
subcutaneous injection of 25 to 500 mg. of 
citral caused no elevation of intraocular 
pressure. Moi ** reported perfusion experi- 
ments on human and rabbit eyes varying the 
perfusion pressure. He found that with a 
perfusion pressure increased up to 70 mm. 
the facility of outflow was essentially un- 
changed. The facility of outflow was slightly 
higher in vitro than in vivo. Miotics and 
mydriatics had no effect on facility of out- 
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flow. In an eye with retinal detachment and 
hypotonia there was a markedly increased 
facility of outflow. In one eye, when the 
lens was dislocated backward, there was a 
considerable increase in facility of outflow. 
Auricchio and Barany® studied rabbits in 
which experimental uveitis was produced in 
one eye. Outflow resistance was 114% 
higher in the eyes with uveitis. Episcleral 
venous pressure was 9.37 and 8.88 in the 
eyes with uveitis and the norm" eyes, 
respectively. A\ ‘rage intraocular pressure 
was 13.1 in the . ves with uveitis as com- 
pared to 20.6 in th. normal eyes. They felt 
that the low intraocular pressure and in- 
creased resistance to outflow was due to a 
suppression of aqueous formation. 

Stepanik reported on  tonographic 
studies in connection with the water-drinking 
test in glaucoma simplex. In 58 cases of 
glaucoma simplex tonography was done be- 
fore 30 and 60 minutes after water-drinking. 
In eyes with a negative water-drinking test 
there was a significant increase in resistance 
to outflow after 30 minutes. The minute 
volume of aqueous humor flow remained 
unchanged. In eyes with a positive water- 
drinking test the outflow resistance was un- 
changed and the minute volume of aqueous 
humor drainage was significantly raised 
after 30 minutes. 

Campbell et al.’ studied the effect of 
acetazolamide on plasma bicarbonate and on 
the electrolyte balance in relation to in- 
traocular pressure. They found no direct 
association between the small reduction in 
plasma bicarbonate and the immediate fall 
in intraocular pressure after acetazolamide. 
The intraocular pressure appeared to behave 
independently of a low level of plasma bi- 
carbonate. The pressure lowering effect of 
acetazolamide was therefore probably as- 
sociated with some other aspect of its 
systemic action. If acidosis is induced, 
acetazolamide causes no fall in intraocular 
pressure. Decrease in sodium and chloride 
ions are probably of more significance than 
that of other ions. : 

Langham found that methazolamide 
(Neptazane) was 2 to 3 times more active 
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than an equal weight of acetazolamide in 
lowering intraocular pressure. 

Gloster and Greaves * studied the effect 
of cervical sympathectomy on the ocular 
response to hypothalamic stimulation. In 
cats, stimulation of the hypothalamic region 
usually caused a fall in intraocular pressure 
in the ipsilateral eye, little if any in the 
contralateral eye. The fall in tension was 
abolished by cervical sympathectomy. 

Maurice™ described an experimental 
recording tonometer held in place by a head- 
band and worn for 20 minutes continuously 
recording tension. 

Flocks et al.*® produced glaucoma ex- 
perimentally in animals by placing a tight 
rubber band around the equator of the eye. 
The tension was initially quite high, grad- 
ually decreasing over periods of from 3 to 
34 days. The average duration of increased 
tension was 14 days The anterior chamber 
remained deep. Cupping and atrophy of 
the disc ensued. 


Stone and Sears™® studied the in- 


traocular pressure in experimental cross 


circulation in rabbits. Having established 
cross circulation, a pressure of 100 mm. Hg 
was applied to the eye of one rabbit. In 
the second 10 minute period there was some 
fall in tension in the undisturbed animal. In 
controls without pressure, there was no fall 
in tension. In a group with transfusion of 
blood from an animal which had had com- 
pression of the eye, there was some fall in 
tension in the first 10 minute period in the 
animal receiving the transfusion. The resul* 
was negative if pressure had not been ap- 


‘ plied to the donor animal. These experi- 


ments suggest that there is a circulating 
factor possibly a hormone which regulates 
intraocular pressure, possibly a neurogenic 
factor. 

Kornblueth et al.™* studied the effect of 
anesthesia on intraocular pressure. All an- 
esthetic agents caused a significant drop in 
tension ranging from 5.7 mm. Hg with 
ether to 7 mm. Hg with thiopental sodium. 
(Pentothal Sodium). "he maximum de- 
crease was in the stage of deep anesthesia. 
Tonography was done on several patients. 
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Thiopental sodium caused an increase in 
the coefficient of facility of outflow from 
0.18 to 0.28. There was less increase with 
ether. Curare caused an average drop of 
2.8 mm. in tension, and an 18% decrease in 
the coefficient of facility of outflow. The 
authors believe that the lowering of tension 
is via the hypophthalmos and believe that 
their studies suggest a central control of 
tension. Cohan,” by means of radiography, 
studied the outflow channels in rabbits; 0.2 
ce. of a 50% solution of sodium diatrizoate 
(Hypaque sodium 50%, Winthrop Stearns) 
was used to replace the same volume of 
aqueous. X-ray photographs were taken 20 
minutes later. From the cilioscleral sinus, a 
cleft which communicates with the anterior 
chamber, numerous collector channels led to 
the deep scleral plexus. Two outflow 
channels originated from the plexus. First, 
communicating vessels passed through the 
sclera to emerge as aqueous veins. Second, 
anastomotic vessels extended to a plexus of 
veins in the ciliary muscle. This plexus 
communicated with the vortex vein system, 
and in addition, perforating vessels from it 
emerged on the scleral surface as laminary 
veins. 

Térnquist and Broden** studied the 
chamber depth in 145 cases of simple 
glaucoma. In general no striking difference 
from the normal was found, but there was 
a tendency toward a slightly shallower 
chamber in glaucoma. They felt that in- 
advertently some cases of angle closure 
glaucoma might have been included. If, on 
the average, the anterior chamber is more 
shallow in glaucomatous than in normal 
eyes, it is not clear how it would favor the 
development of glaucoma. Térnquist 
also studied the peripheral chamber depth in 
eyes with a generally shallow anterior both 
normal and glaucomatous. He found the 
angle narrower in the upper than in the 
lower part of the anterior chamber. In 
glaucomatous eyes the angle was narrower 
in proportion to the axial depth of the an- 
terior chamber than in normal eyes. After 
peripheral iridectomy the values were about 
equal to those in normal eyes, suggesting 
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that in glaucomatous eyes there is a certain 
degree of iris bombé, a fact that has been 
nocd by many observers. 

Dellaporta ** devised a method of sepa- 
rating the corneoscleral meshwork from 
its bed as a part of cyclodialysis. The 
cyclodialysis spatula is twisted so that the 
blade is at a 45 degrees angle with the 
sclera. In enucleated human eyes, the mesh- 
work was lifted off and Schlemm’s canal 
exposed by this method in a high percentage 
of cases. 


XII. Miscellaneous 


Duke-Elder ** states that an anatomically 
narrow angle is a prerequisite for acute 
angle closure glaucoma, and that iridectomy 
by establishing a free communication be- 
tween anterior and posterior chamber cures 
the disease if done early. He believes that 
the actual closure is due to systemic factors; 
vasomotor instability which results in con- 
gestion of the ciliary body, and an out- 
pouring of aqueous into the posterior 
chamber pushing the iris forward and 
closing the angle. He believes operation is’ 
always justified and even prophylactic 
peripheral iridectomy for the fellow eye. 
Outpouring of excess fluid into the posterior 
chamber could easily account for angle 
closure, but there is no evidence that such 
excess formation of aqueous does in fact 
occur. 

Chalst et al.2° point out that belladonna 
and belladonna-like drugs given for relief 
of disorders and parkin- 
sonism may have a bad effect on eyes with 
glaucoma or a predisposition to glaucoma. 
In eight subjects with normal eyes these 
drugs caused a mild increase in tension. The 
size of the pupil and accommodation were 
affected in most eyes. A_ synthetic an- 
tispasmodic drug, dicyclomine hydrochloride 
(Bentyl), did not cause an increase in ten- 
sion and did not affect pupil size or ac- 
commodation in 37 normal patients and 7 
glaucomatous patients. 

Gartner and Billet ** reported four cases 
of acute glaucoma developing within 48 
hours of a general surgical procedure. The 
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cause was thought to be the atropine ard 
scopolamine used preoperatively and 2 
dilation of the pupil under deep anaesthesia, 
plus the predisposition of a narrow angle. 
They recommend 2% pilocarpine as a 
prophylaxis in such cases. This seems a 
simple and reasonable practice for routine 
use and wouid no doubt prevent many at- 
tacks of acute angle closure glaucoma. 

Lasco and Nicolesco®™ discuss pseudo- 
glaucoma which they define as atrophy and 
excavation of the disc without other evidence 
of glaucoma. Diseases which they state oc- 
casionally or rarely produce this condition 
are methy! alcohol poisoning, sclerosis 
of the internal carotid, intracranial or 
intraorbital tumors, temporal arteritis, 
systemic arteriosclerosis, and hypo- or 
hypertension. 

Lerman ® has given an excellent discus- 
sion of the mechanisms of the various forms 
of glaucoma both primary and secondary. 
He covers the subject of aqueous formation, 
tonography, possible homeostatic mecha- 
nisms in the control of intraocular pressure, 
primary glaucoma both from the standpoint 
of mechanism of production, as well as 
treatment both medical and surgical. Treat- 
ment of secondary glaucoma is also dis- 
cussed. 

Sloan 1% discusses the practical considera- 
tions in the management of glaucoma in 
office practice with regard to diagnosis, 
classification, treatment, and follow-up. 
This is a sound practical discussion for the 
practitioner of ophthalmology. 


5 Bay State Rd. (15). 
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News and Comment 


ANNOUNCEMENTS 


Caracas Program for Pan American Congress of Ophthalmology.—Space 
exploration as it may effect the eyes will lead off the scientific program of the 
sixth Pan American Congress of Ophthalmology, to be held in Caracas, Venezuela, 
Jan. 31-Feb. 6, 1960. 

The tentative program, announced by Dr. Brittain F. Payne, New York, 
President of the Pan American Association of Ophthalmology, promises discus- 
sions on subjects ranging from genetics to autopsies, presented in symposia, round 
tables and free papers in two concurrent sessions throughout the week. Simulta- 
neous translation of scientific papers is planned. 

Brig. Gen. Victor A. Byrnes, U.S. Air Force, Washington, D.C., and Dr. David 
Schoch, Chicago, will preside at the session on space ophthalmology. Speakers 
who will consider the possible effects on the eye of various conditions in space 
flight will include: Capt. James L. Fuelling, U.S. Naval Air Station, Pensacola; 
Major William T. Sallee, U.S. Air Force; Drs, Albert D, Ruedemann Jr., 
Detroit, and Walter il. Benedict, Knoxville, Tenn., and Dr. Schoch. 

In a symposium centered upon hereditary conditions of. the head and neck 
that may affect the eyes, Dr. Harold F. Falls, University of Michigan Medical 
School, Ann Arbor, Mich., and Dr. Guillermo Pico, Santurce, Puerto Rico, will 
be joint chairman, and both will present papers. Dr. Max A. Finton, Kalamazoo, 
Mich., will be another speaker. 

Recent interest in the use of alpha chymotrypsin in the management of 
cataract is the basis for another symposium, at which Drs. Derrick Vail, Chicago, 
and Olga Ferrer, Havana, Cuba, are scheduled to preside. Contributors to the 


symposium will include: Drs. Djordje Lukie M., University of the Andes, Merida, 
Venezuela; A. Benedict Rizzuti, RP N.Y., and Louis J. Girard, Houston, 
ar 


Texas. In another session Dr. Joaquin 
a paper on this subject. 

Cataract will also be considered in a round table session and in a symposium 
limited to surgery. In the first group the leaders announced are: Drs. Alfred E. 
Maumenee, Baltimore; John McLean, New York, and Jack Guyton, Detroit. 
Members of this panel will be: Drs. Ivo Correa Meyer, Porto Alegre, Brazil; 
Clovis Paiva, Recife, Brazil; Cyro de Rezende, Sao Paulo, Brazil; C. Espildora 
Luque, Santiago, Chile; Jesus Rhode, Caracas; J. M. Varas Samaniego, Quito, 
Ecuador, and Werther Duque Estrada, Rio de Janeiro. 

The second group of speakers will include: Drs. Feliciano Palomino Dena, 
Mexico City; Hernando Garcia Gomez, Bogota, Colombia; and Alberto Gormaz, 
Santiago, Chile. 

Eye conditions that pose special problems in certain regions form the subject 
of a symposium under the chairmanship of Dr. Ida Mann of Australia, and Dr. 
Rodolfo Hernandez Miliani of Caracas. Dr. Mann has devoted many years of 
study to regional ophthalmology, having made extensive surveys of the prevalence 
of trachoma in Western Australia for the World Health Organization. She will 
discuss the value of such studies; other speakers will be: Drs. Guillermo Pico, 
Sarturce, P.R., on causes of blindness in Puerto Rico, and J. Winston Duggan, 
Edinionton, Canada, on phlyctenulosis in Northwest Canada. Dr, Hernandez 
Miliani will report on strabismus as a public health problem in Venezuela. 

Strabismus is also to be the subject of both a symposium and a round table 
discussion. Dr. Philip Knapp, New York, will lead the symposium, which will 
deal with incomitant horizontal strabismus; and Drs. John H. Dunnington, New 
York, and Rene Contardo, Chile, will be joint chairmen of the round table on 
surgery of strabismus. Participants in these sessions will include: Drs. William E. 
Krewson III, Philadelphia; Arthur Jampolsky, San Francisco; Frank D. Costen- 
bader, Washington, D.C.; Edgardo Manzitti, Atilio Luis Norbis, Jorge Malbran 
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and Enrique Malbran, all of Buenos Aires; Francisco Vernaza, Bogota, Columbia; 
a ueiroga, Belo Horizonte, Brazil, and Feliciano Palomino Dena, Mexico 
ity. 

Three speakers will deal with detachment of the retina: Drs. Robert J. 
Brockhurst, Boston; Bradley R. Straatsma, Los Angeles; and Alvaro Rodriguez 
Gonzales, Bogota. In addition, Count Hermenegildo Arruga of Madrid, a 
leading authority on this subject, is expected to present in another session his 
experience with the equatorial ring operation in 120 cases, to be followed by 
several papers describing instruments for use in retinal surgery. Still another 
session will be devoted to diseases of the retina, with Dr. Jesus Rhode of Caracas, 
~~ Arentsen Sauer, Santiago, Chile, as chairmen. 

laucoma will be discussed in a round table on recent advances in treatment 
of the disease, led by Dr. Bernard Becker, St. Louis, and Jorge Valdeavellano, 
Lima, Peru. Speakers announced are: Drs. Hilton Rocha, Belo Horizonte, 
Brazil; Virgilio Victoria and J. M. Vila Ortiz, both of Rosario, Argentina; A. 
Torres Estrada, Mexico City, and Alberto Urrets Zavalia Hijo, Cordoba, 
Argentina. 

At a subsequent session various aspects of glaucoma and its treatment will 
again be the topic of discussion. Drs. Carlos Carbino, Montevideo, Uruguay, and 
David Bitran, Santiago, Chile, are scheduled to preside; and speakers will include: 
Drs. Kristjan Sveinsson, Reykjavik, Iceland; H. B. Escariz, Adrogue, Argentina; 
Francisco Rodriguez, Bogota, Colombia, and Hernandez Miliani, Caracas. 

Various advances in ocular surgery will be described in a session under the 
joint chairmanship of Dr. Baudilio Courtis, Buenos Aires, and Dr. Luis Sanchez 
Bulnes, Mexico City. Among the speakers will be Drs. R. Townley Paton, New 
York on corneal transplantation; Rene Contardo, Santiago, Chile, on strabismus, 
cataract and the eyeball; Antonio de Almeida, Brazil, on glaucoma, refraction and 
lacrimal apparatus; Daniel Silva, Mexico City, on the lids and orbit. Dr. Sanchez 
Bulnes will discuss retinal detachment. 

A series of 27 five-minute reports on progress in ophthalmic therapy will fill 
one morning session. Dr. Renato de Toledo, Sao Paulo, and Dr. Conrad Berens, 
New York, will be co-chairmen, and the list of participants includes : 

Dr. Miguel Branly, Havana, Cuba, Vascular accidents in the retina. 

Dr. Jorge Valdeavellano, Lima, Peru, Ophthalmic conditions of tuberculous 

origin 

Dr. Aniceto Solares, Sucre, Bolivia, Conjunctivitis 

Dr. Ayala Haedo, Asuncién, Paraguay, Superficial keratitis 

Dr. Julio A. Sicardi, Montevideo, Optic neuritis 

Dr. Altino Ventura, Recife, Brazil, Secondary glaucoma 

Dr. Colombo Spinola, Salvador, Brazil, Antibiotics in ophthalmology 

Dr. Evaldo Campos, Rio de Janeiro, Analgesics, anesthetics and tranquilizers 

Dr. Rubens Belfort Mattos, SAo Paulo, Granulomatous uveitis 
Dr. Egon Kruger, Curitiba, Brazil, Diseases of the lacrimal apparatus 
Dr. Conrad Berens, New York, will preside at a program on the prevention 
of blindness. Reporting on the current status of work in this field in their 
respective countries will be: Drs. Guillermo Pico, Santurce, Puerto Rico; Luis 


Sanchez Bulnes, Mexico City; Aniceto Solares, Sucre, Bolivia, and Baudilio 
Courtis, Buenos Aires. 


Free Papers 


Free papers will be presented in separate sessions. Among a large number 
of such presentations the following are included: 

Dr. H. Saul Sugar, Detroit: The white limbus girdle of Vogt 

Drs. Edward Grom and Carlos Soto, Caracas: The eye in art 


Dr. Gilbert Baum, New York; The application of ultrasonography to ophthal- 
mology 


Dr. James E. Bennett, Cleveland: Surgical treatment of total xerophthalmia 
Dr. Leo L. Mayer, Jackson, Miss.: Autopsy of the eye 
Dr. Virgil J. Schwartz, Minneapolis: Congenital pterygium 
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NEWS AND COMMENT 


Dr. F, Paez Allende, Santa Fe, Argentina: An operation of simple myopic 
astigmatism 

Dr. John Simonton, New York: Surgical seated: to the orbit 

Dr. Jorge Malbran, Buenos Aires: Surgical treatment of para squint 

Dr. Sidney A. Fox, New York: The use and misuse of irradiation in 
neoplasms of the lids 

Dr. Antonio Ros, Mexico City: Evolution of the pathogenicity and 
therapeutics of trachoma 

Dr. Louis H. Breffeilh, Shreveport, La.: The use of gamma globulin in the 
treatment of viral diseases of the eye 

Dr. Joaquim Marinho de Queiroz, Belo Horizonte, Brazil: Schistosomiasis 
mansoni and eye manifestations 

For those who plan to use electrical apparatus at the Congress, the Association 

is informed that the current in Caracas in 110 volts, 50 cycles, A.C. 


Social Events 

The Congress will open officially on Sunday, Jan. 31, with a formal luncheon 
at the Hotel Humboldt on Mount Avila, overlooking the city of Caracas. There 
will also be a formal closing banquet. For the visiting ladies trips are being 
planned to many points of interest in the city and its environs. 

Dress in Caracas is the same as that worn in New York and Chicago. Formal 
evening wea: will be needed only for the closing banquet. Gentlemen may wear 
white or black evening jackets. For all other affairs street and cocktail attire will 
be correct. Shorts and sport shirts are seen only on the beaches. Caracas has an 
altitude of about 3,000 ft., with an average temperature of 68 F. The temperature 
range is from 56 to 77 degrees. 


Arrangements 


Hotel and travel arrangements should be made without delay through Dr. 
William L. Benedict, 15 2d. St., S.W., Rochester, Minnesota, Chairman of the 


Committee on Transportation. Headquarters for the Congress will be at the 
Hotel Tamanaco. 


New York Eye and Ear Infirmary Alumni Association—The Annual 
Spring Meeting of the Alumni Association of the New York Eye and Ear In- 
firmary will take place April 4-7, 1960, at the Infirmary. 

The meeting will be oriented towards pediatric ophthalmol ymposia will 
be offered on: Nystagmus as a Pediatric Problem; Doula tonatheahen At- 
tending Infectious Diseases of Childhood; Surgical Corrections of Congenital 
Deformities of Eye and Adnexa; Glaucoma and Cataracts in Pediatrics, and 
Office Management of the Pediatric Eye Patient. There will also be a closed 
circuit television demonstration of surgical procedures. 

In addition, courses will be offered in the following subjects: Reading Prob- 
lems; Pediatric Anesthesiology; Pleoptics; Congenital Syndromes; Pediatric 
Ophthalmic Therapeutics; Ocular Neoplasms and Their Treatment; Pediatric 
Neuro-Ophthalmologic Syndromes; Vertical Eye Muscles; Pediatric Ocular 
Allergy; Lacrimal Sacs, and Fundus Lesions of Childhood. 

Additional Information may be obtained by writing to Dr. John R. Finlay, 
Secretary, Alumni Association, 218 2d Ave., New York 3. 


Special Courses Offered.—The Mount Sinai Hospital of New York City 
together with Columbia University is giving the following courses: “The Use 
of the Schepens’ Ophthalmoscope” from March 10 to March 24, 1960, and 
“Histopathology of the Eye” from April 6 to April 29, 1960. Complete informa- 
tion can be obtained from the Registrar for Medical Instruction, The Mount 
Sinai Hospital, 1 E. 100th St., New York 29. 
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Books 


Synopsis of Ophthalmology. By William H. Havener. Price $6.75. Pp. 288, 
with 189 illustrations. C. V. Mosby Co., St. Louis 3, 1959. 

This little book, intended for the general physician, covers most of the condi- 
tions which will be met in general practice and is a good practical guide to 
treatment. 

It is good to see that the author utilizes space to define ophthalmologists, 
opticians, orthoptists, and optometrists for the general practitioner. 

The chief criticism of the book is its cost, which seems exhorbitant for its size. 


Headache; Diagnosis and Treatment. By Arnold P. Friedman and H. 
Houston Merritt. Price $8.00. Pp. 401, illustrated. F. A. Davis Co., 1914 Cherry 
St., Philadelphia 3, 1959. 

This symposium on headache consists of 13 chapters contributed by well- 
known specialists in the field. A review of the mechanisms of headache by Kunkel 
describes the pathologic physiology producing this type of pain, and the methods 
by which the physician can diagnose the various types of headache. 

A chapter by Friedman and Merritt, the editors, follows on the principles 
of pharmacotherapy, including the choice of drugs, indications for their use, and 
contraindications. The eye as a source of headache has been covered by Max 
Chamlin. The editors have also written a separate chapter on migraine, which 
will be of value to ophthalmologists. 

This book should be in every ophthalmological library. 
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=Harrington-Flocks 


Field Screener on,149”° 


Introduced by Jenkel-Davidson in 1956, the Harrington-Flocks Visual Field Screener has become 
standard enuipment in leading ophthalmologists’ offices throughout the country. 


This Screener has proved to be remarkably accurate— and you can easily test a patient in three 
to five minutes! No special instructions are needed. Just press a button activating the black light flashes. 
What the patient sees on the various test cards indicates any loss in visual field, signaling the neces- 
sity of further tests for glaucoma and other diseases. 


Order today —take advantage of this new low price. 
Satisfaction guaranteed. Write or wire collect 


366 Post Street - San Francisco, California 
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Acute conjunctivitis! before treatment, showing engorged irreguiar superficial vessels 


NOW...a true solution form 
fast anti-inflammatory responsem 
and no irritating steroid particles 


@ mg. for mg. the most active steroid topically—up to 40 times the potency; 
of hydrocortisone 


® optimal not minimal steroid concentration in true solution for peak effective- 
ness .. . maximal contact at the site of the lesion 


®@ quick-acting broad antimicrobial activity when infection threatens recove 
® superior patient comfort—no stinging, no irritating particles, bland carrie 
1, Gordon, D. M.: Scientific Exhibit, American Medical Association, Annual Meeting, San Francisco, 1958. 
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4, days after treatment 


OPHTHALMIC SOLUTION 


eolecatron@o 


DEXAMETHASONE 21-PHOSPHATE—NEOMYCIN SULFATE 


ACTUAL CLINICAL PHOTOGRAPHS 


active ingredients 

ions: Trauma—mechanical, chemical or thermal; Steroid Dexamethasone | : 
jonjunctival, corneal, or uveal tract inflammation involv- Product 21: Phosphate | Neomycin 
ig the anterior segment; allergy; blepharitis. 


tration the disodium salt), Sulfate 
: NeoDECADRON Ophthalmic Solution (0.1%)— 


One drop 4-6 times daily. 


NeoDECADRON 
NeoDECADRON Ophthalmic Ointment (0.05%)— Ophthalmic 0.1% 
Applied 3-4 times daily. Solution 

severe or sight-threatening conditions, the frequency 
f administration may be increased. Systemic therapy DECADRON 
ith DECADRON Tablets may be prescribed adjunctively. Phosphate 1 mg,/ec 
Ophthalmic 
ECAUTION: Steroid therapy should never be employed in Solution 
e@ presence of tuberculosis or herpes simplex. 


dditional informatien is available to physicians on request. 


1 mg./ce. 


Ophthalmic 0 0.5 mg./Gm. cat 3.5 Gm. 
jeODECADRON and DECADRON are trademarks of Merck & Co., INC. intment 


_mycin in base) | 


DECADRON 
MERCK SHARP & DOHME Shosphate 


Division of Merck & Co., inc. + Philadelphia 1, Pa. intment | 
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y — to steril ) 
3.5 mg. neo- 
bottles \> 
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The myope has problems 

both with and without spectacles. 
Without spectacles, distance acuity is 
impaired. With spectacles, the 

image size is reduced, the frames 
restrict the field of view, and 

the cosmetic appearance is impaired by 
both the myopic rings of the lenses 
and the smaller appearance of the eyes 
when viewed by others. 


The contact lens offers a more normal 
image size due to its location: 

the field of view is retained since the 
lens moves with the eye position; and 
the cosmetic appearance is no longer 
impaired. With the added increment of 
distance acuity, the contact lens enables 
the patient to have corrected vision 
with more natural good looks. 


> 


The Piastic Contact Lens Company 
Dedicated to Knowledge and Research 


5 SOUTH WABASH AVENUE * CHICAGO 3, ILLINOIS 
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he art of medi- 

cine in Eqguypt is 

thus exercised: 
one physician is con- 
fined to the study and 
management of one 
disease; some attend to 
the disorders of the 
eves, others to those of 
the head, some take 
care of the teeth, others 
are conbersant fith all 
diseases of the bofvels; 
fwhilst many attend to 
the cure of maladies 
fuhich are less con- 
spicuous.” 


HERODOTUS II 


Today... for those who attend to the disorders of the eyes... 


Trednefrin’ 


ophthalmic suspension 


for mild to moderate inflammatory 
and allergic eye disorders 


PREDNEFRIN—a formula for unsurpassed 
effectiveness—in the topical treatment of 
ophthalmic inflammatory reactions, is indi- 
cated whenever the repository effect of a 
“solution like” suspension is desired. 
PREDNEFRIN provides a multidimensional ap- 
proach for unexcelled objective and subjec- 
tive effectiveness with the anti-inflammatory 
action of prednisolone 0.12%, the decon- 
gestant effectiveness of phenylephrine 0.12% 
and the soothing, iubricating properties of 
methylcellulose 0.12%. 

SUPPLIED: 5 cc. plastic bottles. 


Trednefrin 


ophthalmic solution 


for moderate to severe 
and allergic eye disorders 


PREDNEFRIN § is unexcelled for the topical 
treatment of the more severe ophthalmic in- 
flammatory condition. Potent anti-inflamma- 
tory action (prednisolone alcohol 0.2% ) plus 
valuable decongestant action (phenylephrine 
0.12%). PREDNEFRIN §, a special solution, 
assures the patient of a uniform concentra- 
tion, with virtual freedom from stinging or 
burning on instillation or irritation through- 
out the course of therapy. 

SUPPLIED: 5 cc. plastic dropper bottles. 


ALLERGAN CORPORATION 


Los Angeles 17, California 
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MINIMS. 


Barnes-Hind Ophthalmic Products, Inc., 895 Kifer Road, Sunnyvale, California, REgent, 6-5462 


Your assurance of 


SAE Ey 
in the administering of 
ophthalmic drops: 


Case in point: 


PHENYLEPHRINE: Exposure to room atmosphere in 
the course of administration may cause decomposition 
of phenylephrine, resulting in discoloration, loss of 


. potency, and irritation to ocular tissues. Phenylephrine 


in the Minims sterile package and over-wrap 


prevents such deterioration...because the medication 


is not exposed to air until the very instant of use. 


‘Furnished as Phenylephrine Hydrochloride 2.5% and 10%. 
Also available — packs af 20 overwrapped Minims, stable 


ior an indefinite period, of the following drugs 
(each Minims package containing the usually 
administered number of drops of each): 
Atropine Sulfate 1% and 2% 

Eserine Salicylate 0.25% and 0.5% 
Homatropine Hydrobromide 2% and 5% 
Pilocarpine Hydrochloride 1% and 2% 

. Scopolamine Hydrobromide 0.2% 


Tetracaine Hydrochloride 0.5% ° 


Especially convenient fer — surgery, office, ward, 
outpatient use, doctor’s bag. 


MINIMS. 


PacK 


MINIMe GTERILE 
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Tetracycline Lederle 


OPHTHALMIC 


} 


the advantages of oil suspension 
rapid even coverage on eye, lids, fornices... 
resists dilution by lacrimation. . . maintains 
effective antibiotic concentrations 


the effectiveness of ACHROMYCIN 

rapid suppression of common cocci and ba- 

cilli and of susceptible viruses—whether the 

primary infection or a complication of irrita 

tion, trauma, or inflammatory disease... fast 

resolution of swelling, erythema, and lesions 
. excellently tolerated 


in the unique dropper-bottle 

precise measurement of dose ... clean... 
minimizes contamination ...4 cc. plastic 
squeeze dropper-bottle; 10 mg. (1%) ACHRO- 
MYCIN Tetracycline HC! per cc. sesame oil 


suspension 


IACHROMYCIN 


OIL SUSPENSION 1% 


(Lederle) LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pearl River, N. Y. 
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Corneal Lenses 
Lacrilens® Molded 
Plastic Lenses 

Solutionless 
Contact Lenses 


Plastic Contact 
Trial Sets 


Plastic Spherical 


Prism 

Contact Lenses 
Cylindrical 
Contact Lenses 
Plastic 
Microscopy Lenses 
Plastic 
Gonioscopic Lenses 
Colered 

Lenses 

Tinted 

Contact Lenses 
Wetting Solutions 


Plastic 
Molding Shelis 
Molding Equipment 


in contact lenses 


its OBRIG 


FOR EVERYTHING IN SIGHT 


A pioneer in plastic contact lens develop- 
ment and manufacture, Obrig Laboratories 
maintains leadership in the contact lens field 
through continuous, imaginative research. In 
experience, facilities and range of products 
and services, Obrig will not be surpassed. The 
list of Obrig products is a growing one; to its 
customers Obrig offers consultation and 
assistance in problem fitting cases. In contact 
lenses — it’s Obrig for everything in sight. 


Obrig Laboratories, Inc. 
75 East 55th Street, New York 22, N.Y. - PLaza 8-0960 
Florida: F. 0. Bux 791, Sarasota 


Foreign Branches: / Montreal, Canada 
Johannesburg, South Africa 
San Jose, Costa Rica 
Caracas, Venezuela 


CHICAGO OPHTHALMOLOGICAL SOCIETY ¢ 1960 CLINICAL CONFERENCE 


February 12 and 13, 1960 


Walter S. Atkinson, M.D. 
Gilbert Baum, M.D. 
James Bennett, M.D. 


Ophthalmodynamometry in Intracranial Vascular Disease Photocoagulation of Iris and Retina 


Observations of Cataract Surgery 


Ultrasonography in Clinical Ophthalmology Ligament of Wieger 


Fee: $45.00 (Includes Round Table Luncheons and Dinner following Gifford Lecture) 


The Drake Hotel, Chicago, Ul. 
SPEAKERS 
Paul Cibis, M.D. Peter Kronfeld, M.D. 
Robert Hollenhorst, M.D. Oscar Sugar, M.D. 
Bertha A. Klien, M.D. Isaac Tassman, M.D. 
Derrick T. Vail, M.D. 
SUBJECTS 


Symposium: “Retinal Disorders” 


Surgical Treatment of Total Xerophthalmia 
Other subjects to be announced 
Registrar: Mrs. Edward J. Ryan 


1150 North Lorel Avenue 
Chicago 51, Illinois 


THE SIXTEENTH ANNUAL GIFFORD MEMORIAL LECTURE 
Dr. Walter S. Atkinson, Watertown, New York 
Friday, February 12, 1960, The Drake Hotel 5:15 P.M. 


The Chicago Ophthalmological Seciety welcomes all physicians to attend the Lecture. 
A dinner which follows is open to physicians and their wives. 
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JUST 
RECEIVED! 


newest model 
of well known 


HEINE GONIOSCOPE 


In our opinion this is the finest 
Gonioscope on the market. It's 
easier to handle, has better, more 
brilliant illumination. 


® Prefocused, brilliant, air cooled 


light source. 


® Precision German optics — 6 


times magnification. 


© Rotating slit with easy fingertip 
control. 


© Adjustable P. D. 


® Modern design engineered for 
superb performance. 


AVAILABLE FOR IMMEDIATE DELIVERY! 
Heine Gonioscope (as illustrated) Catalog No. X25-P! $334.50* 


Heine Gonioscope complete with pulleys, counterweight and 
nylon cord, Catalog No. X25 $360.00* 


* Prices include 5 amp. 6 volt transformer. 


che Ftouse of Vision ™: 


137 NORTH WABASH CHICAGO 2, ILLINOIS 
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RELIANCE NEW 


Model 475-FB Foot-Operated 
Hydraulic EENT Chair 


Superbly built, maintenance-free, yet reasonably priced. 
Attractive, easy to handle—space-saving yet roomy 
enough to accommodate all patients. Extremely com- 
fortable. 

Single lever. raises, lowers, and locks revolving action 

Fully adjustable head rest 

Chair back reclines to any desired angle 


Base column in choice of colors, other parts chrome-plated 


Matching or contrasting genuine leather upholstery 


Chair available with or without foot rest 


See this and other models at your authorized dealer, or write 
for brochure. 


Model 475-F— Manufacturers since 1898 
same as above, but 
a Dept. A-12, 9%6 Caldwell Drive, 
Cincinnati i6, Ohio 


with 


DEGEST. 


ocular decongestant 
== Degest® immediately relieves corneal 
edema and inflammation of ocular 
epithelial tissues which may result 
from excessive contact lens wearing. 
These conditions, if not treated, 
side slowly. 
Degest® speeds the subsidence . . . 
soothes, refreshes, clears ocular 
tissues. 
Phenylephrine hydro- 
chloride 0.2% in a mildly hypertonic 
vehicle, benzalkonium chloride 0.01% 
and sodium bisulfite 0.1%, as pre- 
Servatives. 
Degest® is supplied as a sterile, hy- 
pertonic, neutral solution in 15 cc. 
dropper bottles. 


Manufactured by BARNES-HIND 
thalmic Products, Inc., 895 Kifer 
Road, Sunnyvale, California . 
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OCULAR COAGULATOR .. . 
with NEW BALL TIP 


E-915 Cautery, 
Ocular, Hildreth, 
New Model with 


SPECIAL 
BALL TIP 
ELECTRODE 


SILVER Utilizes medium "C" size battery. Sufficient heat for 

most ocular surgical requirements, yet delicate enough 
CONTACTS for careful application in glaucoma and cataract surgery 
to overcome troublesome oozing. A _ self-contained 
cautery, small, compact, easy to handle. Eliminates 
due to troublesome cords and transformers and the danger 
of open flame. Heats instantly. Duration of medium 
"C" size battery is wih cient for normal use in several 
operations. 


Prevent Failure 


corrosion 


Complete with two electrodes and battery 
E-922 Electrode, Ocular Cautery, Ball Tip 


E-924 Electrode, Ocular Cautery, Pointed 


For use with E-4414* Canula, Zonule Irrigating, TROUTMAN: = 
fine, 25 gauge, stainless steel canula with 

Alpha-Chymotrypsin bulbous tip, specifically designed for injection " 
Alpha-Chymotrypsin into antericr chamber 


STORZ INSTRUMENT COMPANY ° 4570 Audubon Avenue, ST. LOUIS 10, MiSSOURI 
New York Showroom: 157 E. 64th St., at Lexington Ave. 
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Precision-Cosmet’s 
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25 years of 
contact lens 


experience 


» assures you of 
GREATER PATIENT 
SATISFACTION 


PC’s Nonscleral® Contact Lenses* are produced with 
minimum thie” xess to provide maximum patient comfort. 
Yet, due to PC’s ex 2e process, lenses are free from 
strain or warping. process also provides exacting 
control of lens cu. ~ ures assuring finest fit, 


easing patient adjustment period. 


WRITE TODAY for a free copy of PC’s heipful illustrated 
folders on fitting techniques for the doctor and instruction 
folders for the patient. 


* Licensed under litigated Patent No. 2,510,438. 


For greater patient satisfaction, send your next Rx to — 


Precision-Cosmet Co. Inc. 


529 SO. SEVENTH ST. » MINNEAPOLIS 15, MINN + FEDERAL 3-5486 


OCF PROVED PERFORMANCE 
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WELCH ALLYN 
RECHARGEABLE 


BATTERY HANDLES — 


a with desk or wall mounted charger 


® Always fully charged in office use. Place handles in charger when 
not om use and they recharge automatically. Can’t overcharge. 


®@ Handles are small and lightweight, even smaller than WA medium 
(No. 705) handle. 


@ Com , attractive charger takes only 7%” x 4” space on desk, or 
installs on wall bracket. Plugs into 110 v. AC outlet. 


@ Handles have Permafit collar, accept any WA instrument head. 


WA No. 712 Two rechargeable handles with desk-type 
charger (less instrument heads)............... $60.00 


SKANEATELES FALLS, N. Y. 
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EYE INSTRUMENTS 
EQUIPMENT & SUPPLIES 


BRAND, NEW GOVERNMENT SURPLUS and REGULAR 
MERCHANDISE at GREAT SAVINGS ...ON APPROVAL 


A. GRAEFE EYE FIXATION 
FORCEPS 
With and without spring 
catch. Stainless. 4.00 ea. 
B. JAEGER ANGULAR 
KERATOMES 
Medium .......2.00 ea. 
C. GRAEFE CATARACT 
KNIVES Stainless 
Medium ....... 3.75 ea. 
3.75 ea. 
D. EYE DRESSING 
FORCEPS 
Delicate, Serrated, 
Straight Half-Curved, 
Full Curved 
Stainless ....... 3.00 ea. 


FORCEPS 
Stainless ....... 5.75 ea. 
F. SCHIOTZE 
TONOMETERS 
Certified Imported from 
Germany — Guaranteed 
Accurate. Over 600 
21.50 
G. PARK GUYTON EYE 
SPECULUM 
H. WEEKS EYE SPECULUM 
Stainless Sklar . 4.50 ea. 
I. ELLIOTT CORNEAL 
TREPHINE 
With 2 Each |!/,, 2MM 
Blades in Case ... . 12.50 
J. KALT EYE NEEDLE 
HOLDER 


13.50 
K. KIRBY UTILITY 

FORCEPS 

Stainless ....... 7.50 ea. 


L. IRIS SCISSORS 
Straight or Curved 
Stainless ...... .3.50 ea. 

M. DeWECKER IRIS 
SCISSORS 
Sharp/Blunt or S/S 
Stainless ......12.50 ea. 


Send for our Catalog E-4. Lists more than 7500 Government Surplus Surgical Items, 
Including Eye Instruments. 


‘© Arista Surgical Company 


MEMBER 


67 LEXINGTON AVENUE, NEW YORK 10, N. Y. 
Tel: ORegon 9-3694-5 
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Many Cases of 
Subnermal Vision 


respond to “3D3” 


OPTICAID 


Magnifies equal to 3 times 
in 3 dimensions with 


focal distance of 12 inches 


Substantial improvement in cases of low visual acuity is reported 
E d by Ophthalmologists with this revolutionary “3D3” Opricai 
r a y Spectacle loop. 
Each “3D3” Opticaip loop is light in bal- 
anced. Its lenses give high luminosity in a wide field of view. 
P ro d u Cc t Ss 0 a Permits adjustment of the pupilary distance ee to 
70mm. Provision is made for prescription glasses when neces- 
Dept. E, 480 Lexington Avenue sary. “3D3” Opricaip opens a whole new area of ae, 
3 enabling you to offer substantial aid to many cases of reta' 
preter: A vision, Write for full details. Retail Price $50. 


For the Extra Refracting or Treatment Room 


CHAIR: Upholstered, reclining, ad- 
justable headrest, can be raised or 
lowered by large ball-bearing wheel; 
can be locked in any position; eleva- 
tion 18 to 24". $155.00 in brown, green 
or black. Other colors available at 
$5.00 extra. 


CABINET: Stainless steel covered; wail 
mounted or floor model; with or with- 
out electrical equipment. Can be 
furnished with pull-out writing shelf 
and horizontal drawers on roller bear- 
ings. $115.09 to $290.00 


STOOL: Upholstered; with or without 
backrest; ballbearing casters. $20.00— 
$26.00 in brown, green or black. Other 
colors available at $1.00 extra. 


LIGHT: Can be mounted on Chair or 
wall; vertical movement by means of 
self-adjusting clutch on bar, lateral 
and anterior-posterior movement by 
means of goose-neck. $22.00 


al = LIGHT SHIELD: For standard 100 watt 


STAINLESS STEEL TISSUE 
1905 Beverly Blvd. [SMB] Los Angeles 57, Calif. tainen: $2.00 


i 
Established over 30 years CATALOGUE ON REQUEST 
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Equipment for 
GONIOSCOPY and GONIOTOMY 
after Otto Barkan, M. D. 


6100 Goniose 
(floor) $360.00 


6101 Stand only* 185.00 


6110 Haag-Streit 
microscope, single 
power, 15x 


6120 Haag-Streit 
microscope, two 
power, 10-20 


Charge for fitting 
your scope to 
6101 stand 10.00 


Haag-Streit 
with 
handle, 15 175.00 Floor 


Otto Barkan Focal 
Illuminator with 
plug-in trans- 
former* 


5 Otto Barkan 
Koeppe diagnostic 
lens, three sizes: 
16-18-20 mm. lip 
diameters* 


6175 Otto Barkan Goni- 
otomy lens (sur- 
gical) Infant size* 


6180 Otto Barkan Goni- 
otomy lens (sur- 


* Haag-Streit Hand Microscope for 
gical) child-adult 


6130 Otto Barkan oper- 
ating lamp, 
hand model* 


6140 Otto Barkan oper- 
ating lamp, 
floor model* 85.00 


6191 Otto Barkan Goni- 
otomy knife 
(selected model)* 9.75 


* Manufactured exclusively by Par- 
sons Optical Laboratories. 


Focal Illuminator 
#6150 


PARSONS 


oe ae 8 POWELL STREET - SAN FRANCISCO 2 CALIFORNIA 


om 
Koeppe Diagnostic lens 
6165 225.00 
| 
6150 
616 
; 45.00 


180. SOL BRAND OF 
CARBACHOL 15% 5 
(OW SURFACE TENSION 
STERILE OPHTHALMIC 

the ISO SOL Co Inc 


NOENH 


... in chronic 
non-congestive glaucoma 


CARBAMIOTIN 


CARBACHOL U. S. P 


Iso-Sol brand of sterile, dated, low surface tension solution of Carbamyl- 3, » 4 and | Yo% 
choline Chloride with Benzalkonium Chloride 1:10,000 as the wetting agent. 4 


ADVANTAGES 


INDICATIONS 


Acts indirectly by inhibiting cholinesterase and permits natural 
acetylcholine to act without interference . . . not susceptible to 
destruction by cholinesterase . . . low allergic index . . . prolonged 
use will not produce synechia . . . lasts longer — less frequent 
administration . 


For reduction of intraocular tension in chronic, non-congestive 
glaucoma . . . can replace pilocarpine or eserine in manifestations 
of allergy, sensitization or lack of response to these drugs . . . 


In l5ce. sterile sealed Lacrivials® %% and 14% 


For samples, literature and bibliography, write ... 


® THE 1SO-SOL COMPANY, INC. 
LINDENHURST, N. Y. 


Pioneer Specialists in Sterile Ophthalmic Solutions 
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A Complete Glass and Plastic 
Artificial Eye Service 


. .. with a guarantee of satisfaction 


665 Fifth Ave. 
Tel.: ELdorado 5-1970 
NEW YORK 22, N. Y. 


ERICKSON LABORATORIES 


302 Medical & Dental Bldg. 
Phone: 2-9175 
SEATTLE 1, WASHINGTON 


FRIED & KOHLER, INC) G. DANZ & SONS EARLE SCHREIBER 


240 Stockton Street 671 Broad St. 
SAN FRANCISCO 8, CALIFORNIA Telj,- MArket 2-8376 


NEWARK 2, N. J. 


GREINER & MUELLER 


55 E. Washington St. 
Tel.: FRanklin 2-4449 
CHICAGO 2, 


Our knowledge of shapes and colors enable us to create a superior product in every respect. 
We make custom-made eyes and provide perfect color matching. We match damaged or 
broken eyes accurately. We carry a large stock of eyes to provide quick service. 


Write the manufacturer nearest you for your next ocular prosthesis. 


MATALENE 


SURGICAL INSTRUMENTS CO., INC, 
GRAND CENTRAL PALACE BUILDING—125 EAST 46th St., N.Y. 17, N.Y. 
SUCCESSORS TO E. B. MEYROWITZ SURGICAL INSTRUMENTS CO., INC. 


In case, with certification, each $60.00 
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-SCHIOTZ 
TONOMETER 


IN STAINLESS STEEL 


This instrument is made in strict accordance with 
the revi specifications adopted on March 8 
1952, by the Committee on Standardization of 
Tonometers of the American Academy of - 
thalmology and Otolaryngology, and is supplied 
in a dust-proof case which has separate recesses 
for the Instrument, Test Block, Weights, and 
Plunger. 


As made in our own laboratories it preserves all 
of its original effectiveness for determining ocular 
tension with a new margin of accuracy, sturdi- 
ness, ease of handling and beauty of finish that is 
characteristic of instruments made by Matalene. 


It has been found satisfactory by many Ophthalmologists and meets all the specifications of the A.A.O.O. Tonometry 
Committee. Approved by the Electrical Testing Laboratories, it leaves nothing to be desired from the standpoint of 
accuracy. 
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HerBest Friend 
Can't Tell 


Your patients gain confidence 
in their public life knowing that 
others won’t notice the artificial 
eye. They avoid feelings of in- 
feriority in their personal life 
when best friends can’t tell the 
difference. 


Let our 105 years’ experience 
help you perfectly match your 
patients’ eyes. Our experienced 
men visit most areas regularly 
to fit your patients, custom- 
make eyes to match, and offer 
you technical assistance on dif- 
ficult cases. Call or write our 
nearest office. 


Complete 
Artificial Eye 
Service 


Serving the Profession Since 185). 
JON. Michigan Ave. ‘120 E. 56th St. 
Chicago 2, Illinois New York 22, N. Y. 
CLEVELAND DETROIT HOUSTON (Soper Bros.) 
KANSAS CITY 


MINNEAPOLIS ST. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 


NEW PRODUCT 
Murocoll Phenylephrine, 


Scopolamine and 
PREDNISOLONE. 


DESCRIPTION—A sterile, stable solution of 
Phenylephrine Hydrochloride 10%, Sco- 
polamine Hydrobromide 0.3%, and Pred- 
nisolone 0.2%. 

INDICATIONS—Used in intraocular inflarr- 
mation such as uveitis and iritis, where 
it is desirable to maintain dilatation, rest 
ciliary body, as well as to decrease inflam- 
mation in connection with postoperative 
retinal or cataract surgery. 

AVAILABLE—7.5 cc. 

All sterile collyria prepared according to 
the formulary of the Massachusetts Eye 
and Ear Infirmary. 

Complete Muro formulary available to phy- 
sicians on request. 


Muro Pharmacal Labs., Ine. 
25 Huntington Avenue 


(Copley Square) 
BOSTON 16, MASSACHUSETTS 


NEW YORK UNIVERSITY 
POST-GRADUATE MEDICAL 
SCHOOL 


offers 


MOTOR ANOMALIES OF THE EYE (Part 
I) (For Specialists) 

Full time. March 7 through March 12, 1960 

Under the direction of Dr. Harold W. Brown. 
Tuition $115 


MOTOR ANOMALIES OF THE EYE (Part 
Il) (For Specialists ) 

Full time. March 14 through March 18, 1960 

Under the direction of Dr. Harold W. Brown. 
Tuition $100 

OCULAR EXPRESSIONS OF SYSTEMIC 
DISEASE 

Part time. 2 to 5 p.m., March 21 through 25, 
1960 

Under the direction of Dr. Isadore Givner. 
Tuition $60 

For further information: 
Office of the Associate Dean 


New York University 
Post-Graduate Medical School 


550 First Avenue @ New York 16, N. Y. 


242/ 


be 
a, 
7 © Eyes custom made— ate 
glass or plastic 
© Eyes from stock sent on Ne. 
same day order received ia 
—glass or plastic if 
Damaged or broken eyes 
accurately matched 
© Fitted to all types of 
Implants, 
foreign bedy locators : 
Superior Quality— 


WHY CHOOSE A GUILD OPTICIAN . 


To Fill Your Eye Physician’s Prescription? 


THE EYE PHYSICIAN 
(Medical Doctor-Ophthalmologist) 
The Medical Specialist Who : 
Examines Your Eyes THE GUILD OPTICIAN 
(Scientifically Trained Technician) 


The Craftsman Who Makes, Fits 
and Services Your Glasses 


“The aim of the Guild of Prescription Opticians of 
America is to advance the science of ophthalmic optics 
through the development of a country-wide ethical op- 
tical dispensing service that comprehensively meets the 
needs of the Eye Physician and their patients and to 
educate the public to the fact that the Eye Physician- 
Guild Optician type of eye service truly renders the 
most desirable form of eye care, safeguarding vision, eye 
health and general health.” 
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Top-Grade Technical Performance 


- + « @ Safeguard for Your Professional Skills and 
Judgment. 
{Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout ifs 40 years 
of existence, is a guarantee of complete patient 


DOW OPTICAL CO. 


&. DOW, Pres. 


Bloomington, lil. 


URGENT REQUEST 


The Uveitis Laboratory, University of California School 
of Medicine, San Francisco, is vitally interested in obtain- 
ing freshly enucleated eyes from patients with all types 
of uveitis and other endogenous inflammations. Attempts 


Lour Rypledtion 


The eyes should be placed in a sterile bottle, packaged 
with the history and findings, and shipped as quickly as 
possible. Please send specimens special delivery, collect, 
and mark the package "Fresh Tissue Specimen—Rush." Do 
not freeze or use preservatives of any kind. 


A report of isolations of organisms and pathologic find- 
ings, including a slide, will be sent to the contributor. 


| ophtk olmic Credit will be given in any resulting publications if desired. 
efficiency. Recommended for i in 
ted glasses. 


Telegraph collect if specimen being sent. 


Send eyes to 


ey Samuei J. Kimura, M.D., Michael J. Hogan, M.D., or 
Regular Optical Supplier Phillips Thygeson, M.D. 


on TING. University of California School of Medicine 
. San Francisco 22 


Quariry service 

services that wit 
satisfaction. 

Chicago, Ill. 

No Prescription is Complete without 

is LENS COATING 
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Staffed to serve you better 


when you send your F to Benson's 


hundreds of optical craftsmen 


assure you of quality service 


Yes, one of the resources at your disposal at 
BENsoNn’s is the experience and skill of 
our optical craftsmen. 


And, coupled with this know-how is what 
we call “Quality-Desire.” 


These outstanding technicians have the desire 
to excel — to do each operation just a little 
better than normally required. This 
extra attention to details on every spells 
Quality for you. 
This quality service is yours with no 
slow-down in delivery. BENSON’s is staffed and 
equipped to handle its volume of prescription 
On your next R, try BENSON’s — dedicated service with optimum efficiency — and 
to provide unexcelled R service to doing the job right the first time eliminates 
the ophthalmic professions since 1913 costly and time-consuming re-works, 


BENSON OPTICAL COMPANY 


Executive Offices 1812 Park Avenue, Minneapolis 


specialists in prescription optics since 1913 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 
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ophthalmic products 


ih distinctive advantages... 


e their wide-spectrum bactericidal activity includes 
ALL clinically isolated strains of Pseudomonas aeruginosa, 
a serious invader noted for the rapidity of its destructive powers. 


e their component antibiotics rarely sensitize. 


‘NEOSPORIN’.. 


ANTIBIOTIC OPHTHALMIC SOLUTION 


Available in bottles of 10 cc. with sterile dropper. 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


‘CORTISPORIN 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubvs. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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antibacterial | 
_antiallergic 


: 


Vernal 
conjunctivitis 


METRETON 


Ophthalmic Suspension 


combining METICORTELONE and CHLOR-TRIMETON 


in vernal conjunctivitis / episcleritis 
allergic blepharitis / ocular involvement of hay fever 
allergic conjunctivitis / other ocular allergies 


Clearing after 
3 days of therapy 
with 
METRETON 
Suspension 


supplied: 5 cc. dropper bottle. 


MeETRETON,® brand of corticoid-antihistamine compound. 
METICORTELONE,® brand of prednisolone. 
CHLOR-TRIMETON,® brand of chlorprophenpyridamine preparations. 


SCHERING CORPORATION + BLOOMFIELD, NEW JERSEY 


MS-J-199 
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UNIviIS 


Not that the segment is invisible. It isn’t. But it’s extremely 
inconspicuous because of very thin segment line, shorter seg- 
ment line, rounded corners and perfect fusion. 


Who wants “secret” segments? Many bifocal wearers, 
many of those who prescribe and fit them. Cosmetic excellence 
is one reason why new Univis I.S./22 is destined to become 
one of America’s most popular lenses. 


What else? Minimum segment jump with optical center 
only 4 mm. below segment line. Perfectly straight-top segment 
to eliminate patient confusion and for maximum accuracy of 
compounded Rx’s. Perfectly matched segments and complete 

Note the perfectly straight-top freedom from cylinder and aberration through the precise con- 


trol of Univis-designed 8-zone low temperature furnace. 


Identification? Just look for the segment shape. 


THE UNIVIS LENS COMPANY / Dayton, Ohio 


— 
“a 
j 
GA 
} 
Ts “a 
*\DENTIFIED SEGMENT 
Pe 
i 
§ 
‘ 
$ 
ONS 
: 


Vernal 
conjunctivitis 


METRETON 


Ophthalmic Suspension 


combining METICORTF!.ONE and CHLOR-TRIMETON 


in vernal conjuncti ‘tis | episcleritis 
allergic blepharitis | ocular involvement of hay fever 
allergic conjunctivitis / other ocular allergies 


Clearing after 
3 days of therapy 
with 
METRETON 
Suspension 


supplied: 5 cc. dropper bottle. 


METRETON,® brand of corticoid-antihistamine compound. 
METICORTELONE,® brand of prednisolone. 
CHLOR-TRIMETON,® brand of chlorprophenpyridamine preparations. 


SCHERING CORPORATION + BLOOMFIELD, NEW JERSEY 


MS-J-119 
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appearance, too! 
q 


Note the perfectly straight-top 
segment line and rounded corners 
in the unrevouched photograph... 


UNIviS 


FDENTIFIED SEGMENT 


Not that the segment is invisible. It isn’t. But it’s extremely 
inconspicuous because of very thin segment line, shorter seg- 
ment line, rounded corners and perfect fusion. 


Who wants “secret” segments? Many bifocal wearers, 
many of those who prescribe and fit them. Cosmetic excellence 
is one reason why new Univis I.S./22 is destined to become 
one of America’s most popular lenses. 


What else? Minimum segment jump with optical center 
only 4 mm. below segment line. Perfectly straight-top segment 
to eliminate patient confusion and for maximum accuracy of 
compounded Rx’s. Perfectly matched segments and complete 
freedom from cylinder and aberration through the precise con- 
trol of Univis-designed 8-zone low temperature furnace. 


Identification? Just look for the segment shape. 


THE UNIVIS LENS COMPANY / Dayton, Ohio 
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TRY... 


| 
® 
re OPHTHALMIC SOLUTION 


A TRUE SOLUTION FOR MOST OCULAR INFECTIONS—IT TREATS 


THE PATIENT...THE PATHOGEN...AND THE INFLAMMATORY PROCESS 


Formula: 

Prednisolone alcohol ................. 0.2% 
0.5% 
Phenylephrine HCl 0.12% 


in a sterile, lubricating solution 


Dosage: 1 to 2 drops, two to four times daily. 
During the initial 24 hours this dosage may be 
increased considerably. 

Supply: 5 cc. plastic dropper bottles—on pre- 
scription only 


ALLERGAN CORPORATION Los Angeles 17, California & 
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